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To review Lo resiits of procrans unfertakon at this lavoratory
wrler "pojest =3, durfop §ovli ar IT.

SIATL.IY

1. At tha raguoest of the Qffice, Chief of Ordnance, and in coop~
eitation With otier Oriniance sgenclas and vericus manufacturers, work
har tacen conducted as this Arsernal slnce June, 13435, on tha develomment
ot Lody araore.

N

o Fregnentegindiiting oroleeiiles wore developed and an

ingocebien teehnique iavelving the uss of one of them against samples
buinmehed shaLisbically nas been incorucrated into aa acceptancs speci-
Tieablon which in saveral other wes war imnroved by suggestlons from

cE irbovibory.

o r
j

3. dGicores of matarials {staels, non-foiTous metals, fabries and
rliodie laninates) wers teated snd the following paneral observations
can be modes

Ge  Audtenitic steels and nickel alloys aspoar to be at
Bhell st in e deard saltr condition.

e Pervitic sivels appzar to be best "sa--quenchedn,
foilmicd Lv a sheern-relint troutmnnt st very low temperaturs
(shent BOBRY

¢o  Rlainar alloys appear to be best whan they have high
bensile strenpths, althoupl, when the nechanism of ponetration is
such that eveatual failme is in shear, hizgh hardness may be detrimontal,

2+ Tha supurlority of silk over other fabries has not ooy
avel it ub wiloubladly exlats. Of the available faories, nylon 14
supesior o otoers, and thore iz reason to bellsve that elosely=woven,
Lopembiiat, mdoistrand fabrics are desirvable.
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s. Doron wtands head and shonlders abUve other plastic
leminates which have been tested.

f. Tcats wers conducted which indiazated that it 1s dosirable
to use as Yarge plates as are consistent with flexibility in bady armar
auseshlies. These indicptions have bsen recognised in the 1atast doesignse.

L. an opinion has besn expressed herein &s to the logical course
of futurs expsrinental and development wnTk on this preject.

é. I dllians

. ¥, SULLIVAN
Avgoc. Bnglnser

APPROYAD:

W, A, HATTHENS
Lt, Coil., Ord. Dapt.
pirector of Lsboravory
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Duriag tho winter of 194%/43, &8 a rest of a colorghoeasive shudy
of the occurronce of wounds o membors of crews of combat bonbing
planes of ths Wijhth Alr Force, it bocwme appurent that n considerabple
portion of tham c¢ould be attiributed to so=called "low valocity wmlasilesth,

These deductions were brought to the atteution of the Ordnance
Deparﬂnentl early in 1943 and in repl:}2 the Department furnished a
critical analysis of the problem based on the data presented and recom—
mended a program to develop desirvable military characteristics.

Subsequanth‘z' the Commanding General of the Fighth Air Ferce pre-
gented a further analysis of causes of womnds to arewmen of bombing
aircraft, as follows:

Flak 8%

20 mm. HE Shell Framents 39%

Machine Gun Bulleis 154
Secondary Missiles 8%

(plec:s of Aircraft)
These data were based on %03 wounds of which 21% were dus to low velocity
missiles.

In this same communication ware statements concerning protection in
actual combut provided by armor made eiperimentally in Bngland and a
description of ire arwmor vsed. The basi¢ armoring components were over=
lapping plates of (Hadfield) manganese stesl sewsd in pockets of light
fabric and backed by flax canvas., Fowr types ol parments wore in use
designed to afford the various cr mmon protection without interfering

with the performance of thelr ordinary duties.
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It was urgently re‘quosted by the Commarding General of the Eighth
Air Force that mproduction of this body armor be undertaken in the
United Stuates se soon as possible, and thia Yeadquarters be informed of
the action takent,

On 6 July 1943, the Air Force Materiel Command, which had inltlated
development contracts under this project, was directed? to turn over
this project to the Ordnance Department and the same communication con-
tained & requeat from the Army Air Forees for immediats procuremsnt of
over 25,000 armor assemblies of the four types used in England. It was
required that 25% of that quantity be delivered at the port of embarka-
tion by 5 August 1943, This latter stipulation set in motion some
fast, furious and productive activities in the Ordnance Department.

Within 24 hours after recelpt of this request, letters of intent
ware placed with three prime contrectors. Tesis of materials were
initiated at the Bureau of Standards, at this Arsenal and at other
Ordnance establishwents. The advice of this laboratory was asked con-
corning factors to be controlled in the procurement of the steel campo-
nents. 1Its opj.nions a3 to the desirable chemistry, gavge, surface
condition, heat trsatment, physical properties and belliatic
characteristics of the steel to be procured wasisent to the Ordnance
Office by air mail on 10 July 1943. On 12 July 1945, an laproved deeign
submitted by the EBighth Air ¥Force was received from the Army Air Foroes.
The improved design was incovporated in new drawings and speaifications
which woere issued under date of 15 July 1943, on which date official
spproval of procurement from sxperimental funds aveilable to the Ordnance
Department was given by the Ordnance Commi ttea®. By 5 August & few more
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than the stipulated 25% had been produced, inspoctoed, packed snd
delivered tc the Port of Newark.

While erewmen of the Eighth Alr Forocs had thus been furnished with
the protection speclifically requested, it was considered by the Army
Alr Forces’ and by the Ordnance Department that improvements in design
and in compononts were possible and recommendations® were initiated to
agsure such improvements as scon as the overioad on Ordnance facllities
ocoasioned by the urgency of initial procurement of these assemblise
would be removed.

A representative of this laboratory took per. in discuseione &t
the Office, Chief of (Ordmance, on 2& Sept;xnber 1945 during walch the
problems involved in improving body amor were outlined. As a result of
these conversations this laboratory was requested® to undertake a three~
fold program of dyvelopment of improved body Armors

&. To devise a method of test procedure hesed in peneral
on the information given in the lstter of suthorisation
which would be suitabls far usa in testing ammor of
current production ard whish would give an acourate
ploturs of the quality of wmaterial then being supplied
by various manmufaciurers; -

k. To develop & steel for the plutes which would be supsrior

- A -~ a ww e
naL WNsn dn usd, eriteria of testa to ha thoas

Wi
davised under a.;

€. To determins the minimum thicknens and optimun area for
piroduction of steel plates which wculd be definitely
superior in vallistic charactesristics to those then
cru';'ently in use o to any which might ba devslopad in
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II. Development of Teat Proocedures

Since no experience in testing body armor wag availahle at the out-
set of the program of prosurem-nt of armor assemblies, it wzs necessary
to adopt a test proceduralo which seame. to give some indication of the
abllity of the armmor to resist perforation by 'low velocity missilea,
This test involved subjecting the armor to impect with a orl, »45 ball
projsctile fired at sarvice veloclity (about 750 to 800 feet~psr—second) and
also to 8 round of statically detonated 20 mm. H.E. Shell and basing
oonclusions as to the aoceptabllity of the materisel on the results, (This
test is et11l being spplied to the finished garment as a final check
although speoifications based on later and more competent data are now
applied to the components prior t. : vsembly.)

It was;, howasver, contemplated that a special test would be devised
which would more adsquately refleet service conditions of attack and
provide a besis for a more valid evaluation of a materiai's rosistance
to servios perforation.

8Such & test ideally would consist of actunl fragmentation of
servioe projectiles, and such tests were promptly suggested by trls
hbomtorru, t, because of the inherent varialbility of frop-sniation,
ths number of rounds, necessary to give results from which e:y valid
econclusions could be drewn dimcouraged the application of such methods
and shifted emphamis in the dirssiica of & tesi which would be simple,
reproducitle and measurable.

The mluaity for developing a reproducible and weasurable tasl

introdacsd at the outset & certain handinap whieh will probably never

be over’oomel campletely. Studles of the behavior of fragments of high
explosive shell after detonstior, the results of which have beonrg:ning
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to light since the inception of this problem, have brought out the fact
that perhaps no two fragments are identical nor is the pattern or rate
of their suocessive orlentations the sames Had the implications of
these facts been fully realized when the procurement of body armor first
bacame uwrgent it is doubted whether duplicability and measurabllity
would have been insicted upon.

However, such was the requirement volced at the time, and steps were
undertaken which have resulted in fulfilling it in letter, if not in
spirit.

Although reports from the Madical Department in the European Theater
of Operations indicated that a majority of wounds were caused by low
velocity miassiles, the Ordnance Office in requssting devslopwent of a
test procedure raised a question as to whethsr such wounds were actually
caused by low veloclty missiles of large mass or rather by relatively
high velocity missiles of smaller mass.

It was suggesied that & tast; procedure be developed which would
include fiyving at low velocity with projectiles weighing about 150 greins
ard at higher velocities with projectiles weighing atout 15 to R0 grains.
It was stiéulated that these projeciiles should incurporate & sharp or
cutting sdge to simula%e the irregular shape of a frageent. Further
investigaticn indicated that the typical hardness of & fragweni was
between 220 and 240 HIN. Because of the wide variability of fragmentation
thore was found to be no typical shape for an H.%. fragmenv.

Accordingly there wers soon developedu %o cal. 50 projectiles
waighing respsctively 54 greine and 158 grains which hLad wadgellke noses
and wore capable of belng fired frow a stardard cal. .50 Mann barrel

reproducibly and measurably (Figures 1, 2, 3).
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Thus, aexcept for the waight of the smaller proj;eétltle, which was
the minimum weight which could be made up in cale. 30 size, there now
aseemad to be aveilable projectiles which would meet the requirements
stipulated.

However, tha velocitiez at w: ich the heavier projectile perforated
Hadfield manganese steel ¢f the thickness used in body armor assembllies
wore so low that litils or no conclusions could he basaed on results of
suck firings, and when, .later in the program, materials other than
steel comamenced to be investigated tlie inevitable variability of
adhasion of tha sabot to the lighter projectile began to begcame a factor
which influenced vesults and obscured the trus performance of the armor.

The devalopnentm of 4 one-piece cal. .22 projectile of 17.4
grains with a chisel nose, capable of being fired frow an ordinary

cal. +R2 rifle, (Figures 4, 5, 6), eliminated the problem of sabot

. 2dhesion and satisfied the weight requirement for a liphter projectile,

and the greater percentapge of work done at this arsenal in investipating
various materials as prospsctive body armor components has been based
on results of firings using this projectile. While a disappointing
lack of correlation has resulted botween the relative resistance of
materials to par‘foration vy this projectile and to perforation by
actwal fragments of statlcally detonated 20 mm. high explogive shell,
due to the uniformly efficlent mannsr# in which this projectile parfo-
rates material and the variable inefficiency with which an actusl
fragment, because of its random behavier in flight, perforates material,
it is belleved that the results of firings with this projectile may at
least be used to advantage as a busis lor evalustion of the conirol of

- f
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#Thess projeotiles are fired from rifled barrels and present Lhemaeives
tc the terget unyzwed and at pormsl incidence.

T Al



TR T

.5.’;’1%9&27]]!71;‘”}"1!'-
quality being exercised by the supplier of armor material,

Sinco this lack of correluiion became evident, evaluation of
tne relative merits of different miterials has rot been based on
firings with this projectile and the full realization of the implica-—
tions of the variability in 3zize, shial)e and lehavior of frapments has
raised doubt as to the duplication of their effect in a single measur—
able and reproducible test. However, when more 1s known as to the
relative resistance of materisls to actual fragment attack, and programs
are currently underway which will develop this information, it is con-
sicered that by reducing the efficiency with which the projectile
presently perforates material (probably by causing it to attack
cbliquely} a reliable and economlcal subetitute for the present prodigal
proceduresst may be developsad.

Although this projectile is not! currently used to evaluate the
merits ¢f different waterials, it is used in a specification teat
suggested by this lil'mm.tox'yu"‘15 to establish limits, x"or-mi‘,erials
which have passed actual fragmentation tests, within which subsequent
lots of the same material must fall as evidence of continued control of
quality.

III. Investipation of Prospective Component Materisls

"n the correspondence initiating develepment of body armor at this
Jlavoratory it had been specifically requested that a steel superior to

the type ther in use bte developed. As time went on, however, materials

##It is necessary to sutmit 40 samples 247 x 24" to actual fragment
attack before a reliable estimate of the resistance of a materisl
oan be made.
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other than steel have buen investlruted. R Iy

Accordingiy, over a pseriod of several months, a large veriety of
materiels have buen tested as pogsible components of bhedy sruior
assemblies . Those fall rather naturally into four generel clasasifi-
cations, - siesls, non=ferrous mctals, fabrics and lamlnates, ~ and
will be discussed herein under those headings.

Ao §_§_e_e~]._§_16 (Teble References are mace to Appendix A)

1. Hadf.eld Manganese 3teel

a. Beoausa of the urgency of the origlmal procurement of
body armor, Hadfield manganese steel, wh. .y was used in the ®flak sultsw
first doveleoped by thas British and wh ich has bsen v:i-d in both World
Wars for helmets was stipulated as the basic amoring component. (It
was contended that tle role of body armor and helmets would be guite
similar and a material proper for one applicution would bs proper fox
the othexr application.)
it war feld that the or‘gines armoring
component would provide adequate protection it was nevertheless cop-
sidered desirable to improve ine resistance ol this element 1f possibls.

¢+ ‘tnere were readily apparent two a&venues of approach to
this objects (&) improvousnt of the resistance characteristics of
Hedf{eld manganese steel; ur (b) developmsnt of a stsel of different
chemical comuosition wilh betier resistance characteriscics.

de Since there was available a considerabls store of
¥mowledge concerading Hadfield munganese ste .1, as a result of its use
in helmets, it® most reslstant conditlon, according to existent

ceriteria, was rather well defined and aside from a few corroborative
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studies uf the effeot of varistions in hardness, microstiucture and !
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thxc}masul?"?o, the efforts cf this laboratory wore, for the most pért,
expunded in the development of inspection tests which would tend to
eliminate malerlal of inferior quality.

9. The results of various t-sts indlcated that desd soft
(Rocikovell "BY about 9C) Hadfield manganese steol free of decarburiza-
ticn and fyoe of undissolved carbides represented the optimum condition
of that material as regards resistance to perforation by fragmente
simwiating projectiles ~ There was considerable evldence, however, that
much of the material then heing used in body armor assembhlies, while in
tha dead soft condition, suffered from tne presence of decarburigation
or of wulissolved carbldos.

L. It was, therefors, deemed mandatcry that a specification
calculated to nromote the acceptance of stesl of good quality and the
reisetion of steel of inferior quality be introduced. The difference
betwean steel of dacirable quality and‘ that of undesirable quality
could most zcourstely be determined metallograpbically, but, bocause of
the searcity of personnel frained %o conduct metallographic examinations,
such & dovice was out of the quesiion as an inspsction tool. Testa
indicated that a bend test?) and & magnetic test®® would reliably i
differentiate hetwsen scovptabie and rejectabile muterial, These tasts
oould ba applied and intsrpreved easily and quickly and were, therefore,
idsal inspection tocols. Consequsntly, such teste were inmtroduced into a
spceification?d shiich was appiled to the material in the hands of the
steel produger prior tc thpnent to ths fabriecator., The consciantious
spplication of thie specification asavres a high probebility of
rsjoction of ohjectionable material,

.
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&+ Since it was considered that the capsbilities of
Hudfisld aanganese steel as & resisior had thus bsen fairly well
exploited, attsntion was soon directed into the gsecond aveaus =
development of a steel of diffsrent compositicn and supsrior resistance
characteristics,

Ze Qther Steels

In coopsration with several steel produsers and heat treaters,
various steels in various conditions of heat treatment and in various
gauges wve been investigated,

In resistance to perforation by cal. «45 ball projectiles or
by tbe fragment-aimuiating projoctiles developed here, all these steels
exhibitad one oommon characteristio—-inferiority to Hadfield manganese
steel of equivalent gauge, when the gauge was less than 050",

When the gauge wss greater than 050" some steels with high

Badfield manganese stesl in resistiag perforetion by these prcjoctilaa%.
It 1s reasonable to expect such a tendency to spsert itself as the gruge
increases becauss such zan inoresse imposes rest;'ictions upon tha ability
of the Hadfield steel to deform prior to rupture, to which ability that
paterial owes its superiority.

Singe diifferent materials tend to axcel under test of different
Frejectiles and ainos none of these stesls has been given & significant
frugasntation test, which, in the final analyeis, should be ocur criteriom
of werit, no attempt vill be made to 1list these materisls in order of
their ability to withetand axpoctsd service &ttack. Instead, & recital
of the types tes'ed, together with otservetions ss to their bshavior
under atinck of fregmant-simulating projeotilss follows:

= q,;‘l! NTGlH?N
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&+ Stainleas Steal SRREREEY Py
Stainless ateel was teated in three condittons of hesde
nsss induced by cold working®®. 1In the ¥1/4 haxd® (27 Rookwell »C")
condition it exhibited much better overwll resietance characteristics
than in the *1/2 heprd® (35 Rockwell *C") or "full hard® (45 Rockwell
wCh) gonditions (Table JI). Later tests (Table IVa) corrubocrated these
findings, although the differences were lass distinot, amd indicated
thet when the nickel content of ar 16«8 stainless steel was increased
from 7% to 9.5% & drop in elongution coourred which was reflected in a
drop in resistance tn perforationza.
be  SAE 4330 Steel
This steel, as heat-tmte!d to & hardnsss of Rockwell
G 54 to 5€, exhibited resistance chara%tqrut.ica which were infericr
to other ferritic steels (Table IY)%7, : ’
Se SAE 4540 Steel (Modified)
Senples of & modified SAE 4540 sisel a8 nommslized, oil
quenched and tempsred o 80, 40 and 50 Rookwsll “C* were tested (‘Tahle VII).
Ko appreciable differsnce in the psrforation resistance of this steol at
30 Rockwell *C® and at 60 Rockwell "C* was obsarved?S, The stesl of intere
mediate hardnesa was somawhat inferior to these and all wore subetantially
i+ferior to Radfield manganese stesl of equivalent welght. The quality of
these samples wig very poor, however, and directions) falling dus to moo=
mot&llic stringers was frequent
d, ¢ Sves)
Sevaersl samples of manganese-@alybdenum stesls have Leen
tested (Tables I1II, X, Xi and XIII). The manganess oontent of these
steels varisd from 1,19% to 1,80 and the molybdesnum contend from Bl %o
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+51% while the carbon content hovered about «25%. Various heat treat-
ments were smployed: water quench; water guench, followed by tempering;
01l quenchj o1l querch, followed by temperingj and austemper, with and
without agltation. While nc clean-cut decisions could be mads because of
the variability of samples, it appeared that samples as-quenched, with a
strass~reliaf treatment at 300*F, werw superior to samples in any other
condition. Samples at the loxer end of the ,040" to 050" thickness range
were substentially infarior to Hadfield mangenese steel, but as the gaupe
approached the ,050" mark samples of this steel showed equivalence to, or
even slight superiority over, 'tha austenitic stesl of equivalent weightaHz.

e. 0.70% Carbon Amola Steel

The resistance of a normalized, oil quenched sampie of
t21s material, tempered to 41/4R Rockwell "C" was inferior to that of &
normalized, 6il quenched sauple tempered to 4B/51 Rockwell nC™ under
impaoct of cal. .22 fragment=simulating projectiles and samples
austempersed to 49/50 Rockwell nC® and 53/54 Rockwell "C* wera substentially
superior to both although inferior to Hadfield manganese steel (Table IV).
Under impact of cal. «45 b2ll projoctiles, very little diffsrence in re-—
sistance was demonstrated among the aawm -las taatedm.

f. Silico~Msnganese Spring Steel

A 042" sample of this steel, tempered to 49 Rockwell ®wCh
exhibited resistance to perforation by ¢al. 22 fragment~simulading
projectilas, (=2, superior v thst of an equivalent weight of Radfield
manganese stesl, bui‘urder impact of the cal. .45 steel=jacketed bLell
projectile, the resistance of a similar sample was greatly inferior (Teble XII).
The rasistance of samples tmﬁared to 40/45 Rookwali "C* was considexably
inferior under both types of atteiokue o o e

\
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£+ Si=Ni-Cr-do and Cr-§o-V Steels

Zaee

Samplas of steals of thesc two types were given three
differsnt heat treatments: oil quench and tenperj sustemper; and
normalize. The normalized samplsa (Roolorell nC" 49 and 51, resgpectively)
afforded greatest resistance to perforation by both types of projectilsa
and both types appeared to offer equal protaction (Tabls virr)®E, e
quenched and tempered sarples (Rockwell "C® 23 and 37, respectively)
gave poorest results with little %o choose between types. The austemper'ed
samples (both 46 Rockwell "C") produced intermediate results, with the
Si-Ni-Cr=Mo stee). axhibiting alightly superior resistance chareccteristics.
411 samples, howsever, were considerably inrerior to the Hadfleld type.

he An Austenitic Steel

Samplas of an austenitic steel of special analysis were
tested mas annealed”, and as "l/4 Hard“, "1/2 Hard", and "ull !-B!'d"seo
Tne "as annealed® sample was superior to that of the hardensd samples.
Under impact of the cal, .22 fraguent-simulator, the n1/4 Hard" sample
wppeared to be best. Neither approached the performance of Hadfleld
steel undar similar conditions of attack (Tahle IX).

i. SAE X4130 Stesl

Samples of this steel were tested mas rolled® and after
an %oil quench aand strees relief treatment. "Asz rolled" the resistance
of this steel wae very poor (Table XIV)., Heat treatment of a sample
whioch was ,048" thick inereased its reaiatance to bcth types of projectile

impact to the point that its performance duplicated that of Hadfislad

nangaenese stesl of equivalent gaugos". A o
| 0
d. FE-8630 Stes) . M

v, ¥ - .
PR T R . I I

Samples of this steel were tesiad "as rolled* and after

tho same hoat treatment s was tha SAE X450 stisel above (1), Thase
=15~
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sanples ware o042"/,043" thick and although heat~treatment increased
tho registancs of one sample to perforation by both prcjectiles, only
its resistance to cal. «45 projectile perforation approached that of
Hadtield stesl (Table XIV) ", B

[ S 4

kKo NE=8620 Stee) e
Samplee of NE~8620 steel mas~quenched" and “as-tampered®
at various temperatures were testsd (Table XVI). Tne "as~quenched”
sanples again exhibited the best resistance characterisztiocs, However,
even "as—quenched®, these samples did not compare with the NE=-8650
samples above (3), which were heat treated here®>,
2+ Ni=¥o Steel
samples of a nicksl-molybdenum steel in several condi-
tions of heat treatient were tested (Talle XVII)‘O. Under impact of
the oals. <45 ball projectiles a normalized sample provided superiar
resistance. Under impact of cal. «22 fraguwent~simulsting projectiles,

the normalized rampla and

»
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@ avad at BO0°F. aftar
quenching in oil were superior to samples which had i'wceived other
heat treatment. None approached the performance of Hadfield manganese

steel, howaver,

B Si-Cx-No-2r Stesls
Samplss of a S5i-Cr-dfo-Zr steel in several oonditions of

hané dmanbmand .
ARFS T W - v W

A /matkta WIITYN
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uﬁdar i
projectilss, semples "as-quenchsd?, "normalized®, and "sustempersd at
€75°F " wery superior to others, and under impact of the cal, .22

fragment-simulator & sample stress-relisved at 300°F. after quenohing

and a sample “as-guenched" were greatly superior to other samples and
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squivalant to Hadfield manganese astee). All thess samples were in the
upper end of the thickness range, 040* to 050",
5 Swwmarisation

Since the resistance of steels other than the Hadfield
manganede type %o perforation hy actual fraguents of high-explosive
shell has not baen definitely establishad, no authoritative estimate
of their relative merits oan be made,

However, if resistance to parfomtion by the cal. %2
fragment=-eimulating projectiles, 0=2, may be considered a criterion of
a steells resistence to perforetion by actual fragments, the following
obsarvations are permissible:

&+ Por oconsistent high reaistancs to perforetion, in

thicknesses of 040" to ,045", Hadfield manganess steel, free
of decarburization and frée of undissolved oarbides; is out-
standing;

b. Silico-mangsnese steel, tempared to a bardness of
about 50 Rookwsll nC? merits additional inveatigation and
should be given an actual frugmentation tent)

Se¢ At the thickness nears ihs 050* gauge, ferritic
ataels sppeer to be able to match and sometimes betier the
performance of Hadfield mingnnese stoel}

d. Among ferritic stesls, greater resistance tends to
attend highor hardness, unlesa inordipate brittlensss accom—
panles the hardness;

®. Thus, "as-gquenched" samplea tend to be better than
tauples teapered toa lower hardness, but if the sams hard-
ness oan be aohiond by normalising, or after a stresswrelief

‘Lreatoent st ubeut soo'r., t.he rumw prmhct, with reduced
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brittleness, seems %o afford slightly better protection.
f+ Austenitic steels, in general, tend to offer greatest
resistance in the %Casd-soft" co .uitlion, as~annealsed; this is
not inconsistent with the observations made on ferritic steels,
since in the oase of the austenitic steels, increases in hardness
above the "dead=goft" level must be induced Gy work-hardening
which apparently introduces brittlensss, even when only slightly
applied.
Be NonwFerrous Metals (Table References are mads to Appendix B)

1. Almipm Allpyn‘u

Because c¢f the promiae shnwn by aluminum &lloys as resistors
of attack ty projectiles which overmatch an equivalent weight of ut.oal‘z,
1t was considsred thst such materials might afford resistance to fraguent
attack superior to that of stesel.

Aocordingly, several aluminum alloys in various thicknesses
v v besn tasted. While, in compsrison with samples of ateel of
equivalent weight, they have not afforded superior resistance to sattaok
Yy fragosnt simulators because they have also been overmstched by such
projectiles, as among themselves they have yielded sums interesting
information.

Under impact of cal. .45 steel-jacketad ball projectilss, a
saapie of R45-RYE allcy (Tavle IV) exhibited better resistance than
ary othsr alloy tested, f‘oummg in order of their resintance to this
type projectile wers 755-144s45 (Tanles v, vII), RS01-T%6 (Tavle 11),
243-117248 (tables vI, vII), MS¥4® (Tabile Iv), and RSOL-W5015) (Tetles 1,

IV) alloyl .
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Under impact of the oal. .22 fregment-simulator, ¥37, the
same sample of 24S-RT showed greatest resistance. Fcllowing are
145-%, R301-W, 24S~T, 758-T and R301~T in that order,

of the aluminum alloys 8o tested only the relative status
of 2AS~T and 755~T durelumin has been reliably determined with respect
to resistance to actual fragments of 20 nm. high explosive shell.
There is aoma glight evidence of the standing of the R301-W allcy. On
the basie of their ability to reduce the energy of attacking fragmenta,
755~T duralwmin 1is superior to 245-T duralumin and ths R301-W alley
appears to be soumawhat infericr to the 243~T allaoy,

Referring tc the relative resistanoce of these alloys to the
test projesotiles employed hers it will be seen that somo evidence of
& positive correlation between the results of the okl. .45 tests and
the results of actual freguentation tests and a negative correlation
betwsen resulte of the latter tests and results of cal. +22 fragoment~
simulator tests,

2. \Magnesium Alloy (Dowmetal)

In earlier work at this labcratory™® some promise of resistance
to atitack by projectiles which overmatch equivalent weights of steal
and aluminue &lloys was shown by the magneslum alloy, Dowmetal,

Under attack of cal. .45 steel-jacketed bell projectiles sand
oal, .22 fragment-simulators, T37, however, this material offered se
1ittle resistance as to eliminate it from serious consideration®.

5. Nickel Alloys (Appendix C)

A fairly exhaustive study of one type of Monel Netal &nd two

types of high-nickel alloys in varlous conditions of hardnevs has been
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The vasisiénce of none of these samples to parforetion by
zal. 45 stoel~jacketnd bAll projectiles or by cal. .22 fragmente
simdeting preiectiles was comparable with &n equivalent weizht of
Hadfield manganese steel., In gansral, the resistanca of the softer
spelimenc of & given alloy whoss hardnesses hed besn davelcped by the
gam¢ process terded to be supsrior to herdewr specimens of the same
type. At a glven hardncss, however, specimens whose hardness had been
developed by cold working, plus age hardenlng were greatly supsrior to
those whose hordnesses had been cwsalized from cold working alone., Of
the three alloys tentad tha modified "ZM nickel alloy in its best
condition was superior to tho others. In its o%her condition, howsvar,
its resistance was not substantially different from that of any other
a1loy in similer conditions.
Ce Fabrica {Tekle raferences are mide Lo Apperdix D)

Becausa of tha necessity for smploying a material allowing greater
flexibility than metals to protect certain sectionn of the anatomy aml
s#t311 allow the wearar freedom of movement, it was decided to investi-
gates the resistance characteristica of various fahricsss.

Among fabrics silk has had a traditionsl role as a recognized
armoring material, During World War I, although it was never used on
an appreciable scale, the following findings were rap@ttod by Willlae Ao
Taylor, a British govermmental armor speclalist:

"The only material that gives materially tetter rasults than
manganess steel ia pure woven silk which, agsinst shrapnel bullotse
up to 8 velosity of 900-1000 foot seconds, hae & distinot adva;-,w

S

tago, weight for weight, over stsel, For ‘exampiw,-aidk .w_i_gh‘.uf
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10.8 ose per squars foot is proof against shrepnel at 800 food

.
en,

saconds, wheresas steel to giva the sa'mo resistance would weigh
about 20 ox. (per square foot), The rslative advantages and dis~
' advantages of ailk 88 compured with steel for body armor may be
suaarized as followsg
"S1lk does not give nsarly the same resiztance as steel
against hiigh velocity or pointed projestiles (e.g. rifle tullets
or bayonet thrusts) but on the other hand it does not deform a
bullet when perforated, A bullet after p&iaing through steel 13
deformed and would cuuse a very seriocus wound,
miguinst low velocity blunt projectiles (e.3. shrepnel shell
splinters, bamb fragments) up to & certain velooity silk iu
superier to ateel, weight for weight,
*3ilk sits betinr on the wearer than steel on acgomt of its
flexibility.
sFor infantry, silk would probesly be uncomfortably warm in
swmar and would require 40 be made water and vermin proof,
'S1lk 1s more costly and difficulties of supply would be
greater than with steel.56
Baciuse of the dlsposition of the farces of the enmmy in World
Wer II, the use of silk by the Allies was out of the question and the
reoistoncs of sil)k to fragment attack was of purely academic interest
‘ and the only assmple tested, while 1t wss in a most inefficient foxm,
showed excellent resistance charasteristica when its form, mbblngsv »
was considered (Table IX).

While the superior resistance of siik ias not duarecteristic of

- T
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any othar fabric, the generel advantages and dia;dvnnﬁgea set forth
sbove by Mr. Taylor obtain for fabrice in general,

0f the fabrios feasible for use in World War II, nylon has shown
outstanding ability to resist fragment perforation.

Unlike the resistance of metals, ths nlative resistance of
fabrics has been simllar under both cxtﬁues of praojectile attack-—
oalc «45 bell projectile attaek and cal. .22 fragment—simulating
projectils athck..

Thue we find sized nylon duck®®»5% (Taules I, II) and nylen
parachute oloth® (Table IVa) superior to unsized nylon ducx®
(Table IIT) under bot! types of attack while nylon bulting®® (Table V)
affords very poor resistance to both projectiles,

This latter poor showing of the belted nylon reflects the
general inferiority of a fabric in belted form to the same fabrie in
locsely lamineted form and accentuates the value of silk which, in
this generally inefficient form compared favorably with nylon in its
(nylon's) most efficient form.

Fiberglzs, & material wovan of thre&ds whose fibers have
phenomena) tensile strengihs, did not exhibit such resistance as
might be expected frow tha efficlent utilisation of this strength, It
was somowhat infsrior to the better forms of nylon but still showed
respegtahle resistance charactaristics®25% ratles VI, Vila). In ita
leoast effiolent form, belted®® {Table VIII), it was, characteristiocsally,
greatly inferlior to ite more efficient forms.

An eanslysis of several types of Fibergias showed a tendency for
their resistance to reflect the charscteristics of the yarn and tha
closeness of the texture, since those howing greatssi resistance were
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alossly woven snd made of fine-fibred, multistranded, high-teist yamn
while those affording least resistance were leas closely woven of yarn
with coarser fibers and 3 lower nuber of st.nmdl.:

The resistance of cotton duck® (Table I) was spastacularly low
and rajses the question of considerastion of other fabrics in sush
quasiwprotective applications as hospital tenta, rleeping begs, eto.

A protective fabric submitted by the Cansdian goverment was
tested® (Table V), but appeared to be inferior to the sems weight of -
nylon in rssistance to fragment-simulators.

Of all the fabrics investigated here, only sised nylon duck haa
been given & signifioant test by actual fragmentation. On the basis
of this test it appears to bo superior in resletance to any other
material, metalli¢ or non-metellic, so far investiguted.

However, the rasistance of a fabtric dependa, to a grest sxtent,
upon its ability to yield at the point of impact under the initial
contact of the projectile, gradually inoreasing its resistence ss it
calls into play, oentrifugaliy, the lenaills strongith cf tha thrsads.
This necessitates clsarance bstwasn the surfaoe of ixpsct and the
surface of the target to be protected. In the practioadl applicaiion
of a protactive material toc body armor this clsarance may not be
feansibls.

D. Flastic Jaminates (Table refersnces sre nades to Appsmdix E)

The spectacular physical propertiss of plastio lsminates and the
#5080 with which they may be made to sheps made them logioel materials
to investigate.

Of the several types tested harese, Doron & lamimate of Flberglas
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imprognatad with regins has shown oconsistent auporlor(ty over eﬂ'ar
typos of lamluates, These umplesea'm {Tahle 1), charsoteristically
cause the impacting projsotile 4o expend & great deal of its energy
in delmainating the adherent. surfaces and their resistance to attack
by cal, 45 ball projeciilss i{s superior to that of equivalent weights
of ateel.

Over & wide varistion of temperature (~65°F. to +175°F.) tnis
materisl maintaincd ite resistance’l (Table II).

Anothezr Uype of Fiberglas lmminate of different manufacture pro~-
vided considerably less resistancs’ 2% (Tables V, V1.

When ootton duock wue used as the fabric component of & laminate
the Inferiority which wes exhibited in the studles of plain fabrics
reasserted itselt™ (Tanle V).

laminates ambodying ruiber, elther as an ixpregnant or as a

cus h.ion75 278

-

(Tabias ITI, IV) werc conelstently poor resistors,

*K+ panels (sandwiches of an aluminum alloy between two pleces
of Doron) showed intermediste resistance between that of the two
componentl77'78 (Tubles VII, YIIX). An increass in the proportion of
the less resiatant mxterial (durelumin) or an increase in the more

resistant Doxron wae reflected in the resistance of the combinatione.

Much greater rssistance sould be obtained, it is cousidered, if
the Dornn camponent ware used ertirvly &s & bdck:!ug naterial instead |
of baing split, front~end-~back. The walue of Doron ¢n tae face of the i
alwminma is dubious, whereas its presence at the rear of the target
my conceivably wid consliderabile resistance te the leminatae,

Wortmhtely, the spesctaoular supericsiiy of Doron over other
materiels wder i.m;nc“ of cal. .45 huél pmjtqt,ilu M to &ta qvor:*
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estimstion in some quarters, as a fragmont~-reaistant material. MNuch
effost ham been neceasary to kesn, fram "going overboard® for this
matverial, amor designers who heive not had the benefit of the complete
svory of its resistance to ectual fragments and to fregment-simulators
and whose entire knowladze of the material hasg been carefully confined
to 1ts superiority under a unique teste
E. In General

While the development of no new material may be attributed solely
to the work doscribed sbove, because of the lack of & correlation be—
twoen results of tests with fregment-simulating projectiles ani results
of actual fregmentation tests, it is considered that the best conditions
of individual materials and perhaps, even classes of materials, have
been well defined as a result of such tests,

Thus austerd tic 2tesls and nickel alloys appear to be at their
best in the “deud soft" condition,

Ferritic steals appear to hbe best was—quenched”, followed by &
stress—relief treatment at very low temparature (about 300°Fa) o

Alwoinum alloys appear to be best when;they have high tensile
ptrengths, elthough, if the mecheniam of peﬁetration is such that
eventual fuilure is in shear, high hardness may be detrimental.

The superlovity of silk cver other fabries has not been
avaiuited but undoubtedly exists, tYylon, of the avallable fabrics,
iz superior to othera. and there 1s roason to believe thaet closely
woven, high twist, multistrand fabrios ars desirable,

Doron undoubtedly stands head and shoulders above other plaatio

laminates tested,
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IV, Ccmpouent Plate Sizeé ana Dispositisn of Weight

Becausa of the emphasia on flexibility of the armor garment, the original
wodal mods uss of very small {(2¢) squares of steel as armoring components.

Barly testa of complete garmenis at this arsenal indicated that these
sguares ware much toco emall in that they could be turned about by the
impacting projectile ana penetration cf the garment couid be effected by
bLy-pussing the armoring component rather than penetrating it. Their small
siza algo promoted the probability of their becoming secondary lethal
fragnents, It was urged that wherever ths siza of the armoring components
cculd be inocreaasd without u disproportionate sascrifice of flexibility,
steps should be undertaken to do no79.

Meanwhile, thage Sdean ware reiterated in consulte ion with designers
of an infantryman's vest. These decigners demonstrated vhat appreciable
increass 4n plate sizm asonld be made without sny saorifine in floxibilitygo.

Theu; opinions have bean corrchorated in later models of flyers! pro-
tective armor in whieh much larger plates are currently employed.

When the resistance of a single shest of a given material 'is compared
with that of multiple shests of the same material cof squivalent cumulative
weight, the resistance of the mult¢tiple sheeis is genaerally found to be lower
than that ¢f thé single shest, %hie has o plausible esaxplanstion in that vhere
renetration ie effacted by plastic deformation of the armor .he resictance of
& shoet near 4i%s surfaces is less than that near its interior and thes wore
sheste involved, ihe more surfeces and the lsas resistanca. Tests of a

ferritic steel submitied for consideration as dody armorfl gorroborate this

€eneral finding.
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Tests on aluminum sheets, hownver, showed that the reaistance of
the single shoot was 1ower8€»85 (Tables ITY and VIIX of Appendix B).
This 1s no'E. inconsistent with the general situation but, rather,
distinguishable from 1t.

Penetrution of aluminum alloys tested here has generally been
effected by a pushing fo nmrd of the material in the path of the
projectile. Fallurs in this case occurs from a shearing of the

terial aftsr s small amount of plastic deformation. The entire re-
" slstance of the material is confined to the period of plastic deforma~
tion. By dividing the weight of auch & material into severul sheets
the penetrating projectile is required to re-initiate this mechaniem
at each new surface, This ‘maulta in an overall gain in resistsnce,

Ve Spescifications

Since one of the responsibilitiea of this lzboratory is the
tranalation of knowledge obtained concerning materials into require—
mente capable of incorporation into spacification, much time has besn
experded in suiting information gainsd concerming the materials in-
vestigated in these programs to utilization in specification works

Thus, the knowledge that decarburization and the presense of
undissolved carbides in Hadfisld manganese stesl is detrimentsl to
§ ability to resist projectile perforntion Jad to the develomment
snd recammendation of tests calculated to disclose the presence ef
tliese faults,

Similarly, realization of the extreme variabllity in the
perforative chareacteristics of cal. .45 all projectiles dictated
recomendution of the procurement and reservation of standardized

lots of theze projectiles for use in testing armorS7
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Data sccunulated during the conduct of axtensive tasis on Had-

aam

field mangansse stael furnished the basis of a recommendation of now
requirements for reaistance to panctration of prospectlve body armor
mterialsaa. This recommandation has as yei not been acted upon,

Recognition of the inadequacy of & single ballistic limit test
in estimating the true resistance ability of a lot of steel gave rise
to the rascommendation of & ballistic test based upon considerations
of the laws of prohabiliwag. This recommendation hus not as yet been
embodied into the specification.

Sinoce it becams apparent that a given material may be satiafactory
with respsct to resistance to actual fragments and yet, in comparison
with other materials be very inferior in reslstence to attack Wy
fragnent~simulating projectiles, considerable care has been taken by

this Laboratory to define the use of the frepment-simulator as an
inspection tool,
Thus, it would be gravely in error to set a standard of resistance
to perforation by such a projectile which all materials would be re-
quired to meet. Yst it 13 desirable that a substitute for the prodipal
procedure of the actual fragmentation tost be available for lot to 1ot
ingpactione
The following procedure sugreated by this laboratory represents a
logical resolution of the problems
&+ A new material muat prove its sufficiency by excesding
in resistence to perforation by actual fraguents & standard which
has been based on & roliably large number of tests of various
matarials,
b. The samples upon which the sufficiency of the material has

baen established are subsequently subjscted to ballistic limds

Vel b s e w1 J
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determinations with the fragment-simulator.™ -~ & =~ =~ 7 '

S. A statistical analysis of these determinations is thes
made and on the basis of that anslysis control limits are
established within which average ballistic limit determinations
of samples of subesquent lots are required tc fall,

4. Failure of the average bellistlic limit determinations of
samples of a lot to fall within the control limits casts suspiciom
upon control of the prooess and action is taken based upon the
general principles of quality control by statistical aethods,

Such a procedure sliminates arbltrary disceriminstion against any
material since each material sets its ovn level of performance and wmay
logically be required to continue at that level,

As more information concerning the important properties of
materials in resisting fragment perforation become known, the adequacy

of specifications may be expacted to improve,

Tl. Work in Prospoct

While sonsiderable knowledge concerning body srwor materials and

design has been pathered sinco the inception of this program, the

surfece of the prohlem has only begun to be seratched. A well conceived
and well exscuted program of ressarch may conceivably develop a wealth |
of information in the next few yoars. |
Such & program should loglcally esmbrace the following general
‘ considerations:
&. A test as closely raparodgoing servios conditions as
possible must be developed. (Tha present fragesntation of 20 mm.
H.E. projestiles reproduces very well the conditions of attack

against boaber pereonnel, but its applicstion to other service
S T [ | -

conditions is questionable.) (T
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be Mary differert materials, vnryihg in ;ilytlokl properties,
must be subjected to such a test,

3¢ The results of these tests must be ocarefully analysed for
the detsction of that physical characteriatic or thet combination
of physical characteristics which affects the ability of materials
to resist psrforation.

de A btellistic or a non-ballistic test capable of discrimi-
nating between materials whioh possess the proper amount of that
characteristic and those which do not mast be developed,.

6+ Methods of developing in a matsrisl the nroper baiance
of desirable characteristics must be worked out.

f. Realistic evaluation of the undesirable charactaristics
such ae bulk, rigidity and deformability, which somatimes must be
acceptad along with the desirable characteristic must be mede,

The foundations for such a program are being poured currently. ¥For
body ermor to protect againsat the apray of Iragments of 20 mae. HeRe
projectiles detonuting upon contact with the #skin"of bombers, the
present 20 mm,» H.F. fragmentation test is an adequats repreduction of
service attack, Several different matesrials are schednled to be
subjected to this test, Analysis of the results of such tests may die~
close the critical physical characteristic whioh emhnpcas resistancs to
perforation, The present test with the fmgmenb-i-u;.ator way be capable
of adaptation to disclose variations in this critical charscteristic or
a non~ballistic test may be devised,

If poacetime researsh in body armor 18 contemplated some such
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orderly procedure must be adopted. All phases of such a progrum, '
uXcept the ramlistiec duplication of service attack by high~sxplosive

projectiles can quite adequately bs performed by this laboratery.
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G=Re% J. F. Sullivan.
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Simulating Projectiles.” J. F. Sullivan. 1 July 1P44.

86, Watertown Arsensl Laboratory Memorandum Report No. WAL 710/854.
"Resistance of Light-Oauge Si-Ni-Cx-loc and Cr-¥o-V Stesls to Perforation
by Fragment-Simulating Projectiles.™ J. F. Sullivan., 18 May 1944.

36, Watertown Arsenal Laboratory Meworandum Report No. WAL 710/888.
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Degreea of Rardness to Perforetion by Fragment-Simulating Projectiles.®
d. F. Sullivan, 10 June 1544.
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Ae-Rolled and After Heat Treatmen., to Perforition by Flakb-Simuisting
Projectiles.” J. F. Sullivan. 16 Septenbsr 1044,
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"esistancs of NE=-8620 Steel in Various Conditions of Barduesa to Perforation
by Flak-Simulating Projectiles.® J. F, Sullivan. 218 Septesber 1944,
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Wy Freguent~Simulating Projectiles.® J, F, Sullivan. 20 May 1944,

4. Watertown Areenal Laboratory Memorandum Report No. WAL 710/657.
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Fraguent-Simulating Projectiles.” J, F. Sullivan. § July 1844.
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48. Watsrtown Arsenal Leboratory Memorendum Report No. WAL 710/807.
meaistanos of sn Aluninum Alley (RS01=T) to Perforstion by Fragwent~
Simulating Projectilss.” J. F. Sullivan. 15 December 194d.

47 . Eee Roference 45,

48, Watertomn Arsenal laboratory Msmorandw: Kepory Mo, WAL 710/708.
mosintance of Several Samples of Aluminug AXloy (245~T) 1o Perforstion
by Frogment-Simulsting Projsctiles.® . F. Sulllvan. 27 December 1944,

49, Sco Reforence 43,
50, B8es Reference 45,

51. Watoriown Arsensl laburatory Memorandum Report No. WAL 710/249,
"Resistenocs of Various Samples of Aluminum A2loys Furnished iy Reynolds
Netals Co. to Perforution by Fragsent-Simuluting Projectiles.®
J. F. Sullivan, 4 Januwary 1945,
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to Perforation ty Flak-Simulating Projectiles.® J. F. Sullivan, Ii 8¢p 184,




55, Watertown Arsenal Laboratory Memorandum Report No. WAL 710/755.
"Resistance of Various Fabricy to Perforation by Fragment-Simulaeting
Progactiles.* J. F. Sullivan. 16 June 1945, .
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Projectiles.® J. F. Sullivan. 3 June 1944,

58, Watertown Arsenal Laboratory Memorandum Report No. WAL 710/618.
"Mosistance of Various Layers of 174 Ounce Nylon to Several Types of
Small Arms Projectiles.® J. F. Sullivan. 22 April 1944.
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Jo Fo Sullivan. 17 March 1944.

60, Watertown Arsensl Laboratory Memorandum Report No. WAL 710/660. 3
"Resistance of Nylon Parachute Cloth to Perforation by Fragnent—ﬁimulating
Projectiles." J. F. Sullivan. 1 July 1944. .

61. Watertown Arsenal Laboratory Memorandum Report No. WAL 710/540.
"Resistance of Unsized 19-Ounce Nylon Duck to Perforation by Fragment-
Simulating Projectiles,® J. F. 3Sullivan. 29 August 1944,

62, Watertown Arsenal Laboratory Memorandum Report No. WAL 710/614.
PResistance of Twoe Types of Nylon Belting to Perforation by Various
Small Arms Projectiles.” J. F. Sullivan. 21 April 1944,

63. Watertown Arsenal Laboratory Memorandum Report No. WAL 710/610,
"Effect of Quilting Upon the Resistance to Perforation of Fibre Glass
FCC-11-162." J. F. Sullivan. 20 April 1944,
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"Resistance of Various Samples of Fiberglas to Ferforation by Fmgmenb-
Simulating Projectiles,.," J. F. Sullivan. 10 June 1944.
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Projectilea,* J. F. Sullivan. 20 April 1944,
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Perforation by Fragment-Simulating Projectiles." J. F. Sullivan,
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69,

70.

71.
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Watertomn Arsenal Laboratory Memorandum Report No. WAL 710/758.
*Resistance of Various laminates to Perforation by Fragment-Simulating

Projectiles.* J. F. Sullivan,

Seo Reference 17,

23 June 194b5.

Watertomn Arsenal laberatory Memoranduwsm Report No. WAL 710/641.
"Resistance of Various Samples of Plasstics Msterials to Perforation by

Fragment-Simulating Projectiles,.®

Jo F. Sullivan. 25 May 1944.
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4 October 1944.

Watertown Arsenal Laboratory Memorandum Report No. WAL 710/317.
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to Perforation by Fragment-Simulating Projectile, ¢-1-S.m J. F. Sullivan.
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See Refaraice 75,
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Watertown Arsenmal Laboratory Memorsndum Report No. WAL 710/286.
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Simulating Projectiles.®

J. F. Sullivan,

1 July 1944.
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Watertown Arsenal lLaboratory Memorandum Report No. WAL 7T1G/280,
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M1, and txperimental Army Vest, T39, and tha Rffect of Comnonent Plate
Size." J. F. Sullivan., 12 October 1944,

Watertown Arscnal Iaboratory Wemorandwa Repert Noe WAL 710/630,
"Comparison of Resistence 4o Perforation of Multiple Yayers of Thin
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Js Fo Sullivan., 16 May 1944,
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to Perforation by Fragment-Simulating Projectiles." J. F. Sullivan.
29 August 1944.

Watertown Arsenal Laboratory Memorandum Report No. WAL 710/718.
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Aluminum Alloy (AN-A-13 245ST) to Perforation by Various Fragment-Simulating
Projectiles.” M.A. Brough. 1t January 1945,

Wtn. 400,112/320%3. 11 October 1944,
Vitn. 471.2/4568. 212 October 1944,

Watertown Arsenal Laboratory Memorandum Report No. WAL 710/451.
nComparison of the Physical, Chemical, and Ballistic Properties of
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Viatertown Arsenal laboratory Memorandum Report Ne. WAL 710/740,
"Analysis of Caliber .45 N1911 Pistol Rall Ammunition Submitted hy
Aberdeen Proving Ground; Md."® B. Phelps. 27 April 1945,

watertown Arsenal laboratory Memorandum Report No. WAL 710/635,
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Ball Projectiles for Development of Specification Requirements.®

A. Hurlich and N, A. Matthews., 18 May 1944,

Watertown Arsensl Laboratory Memorandum Report No., WAL 710/727.
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KEFERENCES
(Apolicable to APPENDTX A)

0.0, U422,3/71 = Win. U70.5/7443. 28 September 1943,
0.C. 422,2/100 - Wtn, %22/9. 10 November 19u3,
0.0. 422.3/122 - Wtn, 422/12. 27 Novembsr 1943,
0.0. 400.112/5634 « Wtn. 400.112/3047. 2l February 19uk.
0.0. 470,1/ 36546 - ¥Wtn, L472.81/31530. 11 March 194k,
0,0. 470.1/39766 - Wtr. 47C.1/7R15. 10 May 19uM.
. 0,0, 4T0.1/41507 = Wen, 470.1/5k. 18 September 1Sk,
0.0. U21l/3566 - Win. M21/509. T april 1945,

Watertown Arsennl Laboratory Memorandum Report o, WAL 762/247.
“Development of Projectiles to Be Used in Testing Body Armor to
Simulate Fiak and 20 MM. H.E. Fragments.® J, F. Sullivan.

17 Decamber 1943,

¥atertown Arsenal Laboratory Nemorandum Report Ko. WAL 762/253.
"Duvelopment of a Projectile to Be Uced in Testing Body Armor to
Simulate Pragments of a 20 MM. H.E. Projectile.® J, F. Sullivan.
T January 1944,

Wailertown Arsanal Lehorstory Memorandwm Report No. WAL 762/31k.
*Comparison of G~2 Projectiles of Variouws Ranufactwe.® <, F. Sullivan,
23 Hay 1945.

Watertown Arsenal Laboratory Memorandum Report No. WAL 710/351.
%Qomparison of the Phyeical, Chexical, sand Baliistic Proparties of
Various Lots of Caliber .U5 Mi1911 Pistcl Ball Ammunition Used for
Proof Testing of Helmsts and Body Armcr Coxmponents.® A. Hurlioh.
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Watertown Arssnal Laborstory Memorandun Keport ¥o. WAl 710/740,
"Analysie of Caliber .U5 H1911 Pistol Bal)l Ammunition Submitted by
Aberdesn Froving Ground, Md." 2. Phelna. 27 April 19H5.

Watsrtown Arsenal Laboratory Memoranduam Report No. WAL 710/763.
"Hegistanoe of Various Stscls to Perforation by Fragaent-Simulating
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Yatartown Arsenal Laboratory Memcrandux Repert ¥o. WAL 710/568.
"Ballistic Characteristics of Various Samples of Experimantal Body
Arwor Materials.® J. P, Sullivan. 17 Decembar 1943,
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Projectiles,” J. F. Sullivan. 17 May 194k,

¥atertown Arssnal Laboratory Memorandum Report No, WAL 710/ 712,
SResistance of Various Thicknesses of Halfield Manganese Steel to
Perforation by Various Projectiles.” J. F. Sullivan. 5 January 1945,
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Projectiles,* J, F. Sullivan, 18 September 194L,
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“Resistance of Light-Gauge Si-Ni-Cr-Mo and Cr-3o-V Steels to
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“Comparative Registance of Light-Gauge (.0L5") X4130 Stesl and
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APPENDIX A

TABLL IV

e

(Reference - Report No. WAL T10/619)

Summary of Balliatic Teste Conducted at Watertown Arsensl om

‘ Light Gange (.0L1% to ,0LER) Samples of 0.7.% Carbon imola Steel

Submiited by Carnegle-1llinois Steel Corporation

Nominal Chemicsl Composition

_C Nn P S 31 Mo
.60/.7¢ .70/.90 .OL0 max. .OMO max. .20/.35 .20/.30

Ballistic Limit (®/s)

Sample Gauge Hardness F el CaIr. .
Item 9
Normalized, o1l L3390 41 Re 1053 —
quencl ed snd tempered. .05399 4o Re — 5l
Item 10
Bormslized, oll .OLo= L9 Re 1057 -
quenchad and temmered. .03 51 Re -_— 615
Tiom 11-4 LOldyw 50 Re - . 830
Austempered LUGe 49 Re 1165 -
l1tem 11-B NOhL 53 Re 1020 -~
Ansterpered LOlyw 54 Re -~ 827
¥or Compgrison:
Hadfteld .04oe 88 md 1600 900
Manganese Steel ~ol5e 88 Rb 1675 950

1. Cal. .22 (17 erains)

& 2. Standard ¢al. .U5 ball armunition (steel jacksted) 230 grains.




AFPENDIX A
TABLE VY
{Refsrenca ~ Beport Mn. WAL 71G/F30)

summary of Comparstive Bnllirtic Tests of Single Tuin Gauge (.050%) Steel

Sheets and Multi-Layered Assexblises of tho Same Agrregate waight

Ballistic Limit (¥/3)

S.mple Caltber JU5 622
one .050*% sheet 87 (partial wenetration) 1574
twe 025" sheets - 1290
five .010% sheets 849 (complete penetration) 935

1. Standard caliber U5 ball ammunition {30 greins —
steel Jasketed).

2. Caliber .22 fruguwent-simulating projectile — 17 grains.
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| ALPENDIY A
TABLE XX
Comparative Resistance of Varjous Sample# of Steels tc FPerforation
by Cal. .45 Ball Projectiles
' Actugl Figure
Thick- Ballistic of
Description of Material ness Limit Herit® Heferenceﬂ
C10~2 8630 steel as rolled Ok1e 378 .1 Tabla XIV
A=2 Mn-No Stesl ~Ol1n 378 U2 Table X
H-1 18~B Stainless LouQn 377 M2 Table XVa
G~ 18-8 Stainless LOlU1n 390 Ry Table XVa
{ 13-1 Ei-Mo Stesl L0508 438 Ay Table XVII
i B MEB6 Steel .Olilys 426 A5 Table xVI
141 Ei-Mc Steel ©ouge AV M6 Tadle XVIII
EF-3 Mn-Mo Steel Ol 420 M6 Table X1
A-1 Mo-Mo Steel .ol s k21 46 Table X
-1 1%-8 Stainless Olpw 433 47 Table XVa
¢ N8 8620 Olilyn u39 N7 7able VI
H-N Mn-bo KoL Ts] ) Y36 g Table XI
D=1 18~8 Stainlese JOlipe 45 RIS Table X¥a
D HE 8620 $teel JOiRe 453 L8 Table XV¥)
17/~) Hi-Mo Steel LOligw ug7 19 Table XVII
: 241 Si-Cr-Mo-2r Steel LOlugn ug7 .49 Pable XVII
12-1 N1-Mo Steel L0Uga 488 .50 Tabla IVII
15-1 Mi-Mo Steel .Olge 500 .50 Table LVI
A ¥X B620 Steel .0k5s 486 51 Pable XVI
-1 158 Stainless Stesl .Olae ug2 51 Table XVb
11-1 ¥i-Mo Steal LOlgn 514 52 Table XVII
\ HP-8 Nn-Ko Steol #Ol3e ugq 53 Teble XIII
¢~} 18~8 Stainless SOlLN Kos5 W5k Table X¥a
25~1 S5i-Cr-Mo-Zr Steel ,04gn 539 54 Tatie XVI1
22-1 51-Cr-Mo-2r Stesl L) 537 »55  Table XV1i
GT-10 Mn-Mo Steel »Ok0" - gl .55 Table 111
843-3 Cr-He-V Steel Ol1a 510 .56 Tuble. VIII
F NE 8620 Gteel JOlle 526 56 Table XV1
15-1 Ei-¥o Siesl OUgn 568 .58 Table XYII

HKF-3 Ma-io Steel Ol 536 58 Tabls XIIY




ALTENDIY A

TABLE XX (Cont'd)

Actual Filgure
Thick- Ballistic of
Description of Material ness Limit Merit® Befarance
9 ,70% carbon Amola stesl .039¢ 51k .58 Table IV
23-1 51-Cr-Mo-Zr Steel .0lgn 579 .58 Table XVII
HF-1 Mn-N¢ Sieel LOlign Sl .58 Table XI
1739-3 Si-Ki-Cr-Mo Steel Ol 532 58 Table VI
% NE 8620 Steel SOlyH 548 .59 Table XVI
HF-2 Mn~Ho Steel LOlw 546 .60 Table XI
HF-6 Mn-No Steel L0l 553 -F1l Table XIII
. BU3-1 Or-No-V Steel ~Olw 560 .61 Table VIII
HP-7 Mn-#o Steel .Olon 580 .62 Table XIIT
27-3 $i-Cr-Mo-Zr Steel 20500 615 .62 Table XVII
A~3 Mn-Ho Steel Mo L 567 .62 Table X
B-hk 18-8 Stainlase Ll 575 «63 Table XVA
31 Rc Modified SAB L3O Okl 592 .65 Tuble VII
1/2% Hard Stainless (Rockwell C~33) .Okgn 646 .66  Table II
EY Ma-Mo Steel -04o" 592 66  Table XI
09-2 X-¥130 As-Rolled LOUgs 616 .67 Table XIV
O~ 148 Stainless Steel Ol 616 .57 Table XVa
B~3 18-8 Stainless Steel .Olow 620 .67 Table X¥a
SAE 4330 (Rockwell C-34) ~OF0 665 «67 Table II
1739~1 (5i~Cr-Ni-Mo Steel) ~Olipn €13 .67 Table VIII
27-1 (Si~Cr-Mo-Zr Steel) 050 634 .68 Tabls XVIl
26~1 Si-Cr-Mo-Zr Stesl 050w 684 .68 Table XYI]
A=l 1&-8 Stainless Steel LQliow 624 &8 Table XVa
Half-hard Hadfield Manganese LOUOn 613 .68 Table VI
HP-10 Mn-Ko Stes) 0Lz 632 .68 Table XIII
1/2 Hard Auctenitic Stesl ~Olpw 625 .68 Table IX
O-1 18«F Stainless Stasl} Ol2n 6318 «69 Tabie XYa
3/4 Hard (Hadfield Manganese) RollTal ) 625 .69 Table VI
Itexr 10 (.70%4 Carbon Amola Steel) 039V 615 .69 Table IV -
¥ull Hard Stainless (Rockwell C-U5) -Ollyn 658 .70 Table I1
U7 Re (Modified SAE 4340 Steel) 039" 626 .70 7able VIi
21-1 si-Cr-do-Zr Steel .olgn 689 .70 %able XY1I
B~1 18-8 Stainleas Steel Ol 656 11 Tabls XVa




TABLE XX (Cont'd)

| A~62 Hadfield Stesd

Actual Tigure
Thick- Ballistic  of
Description of Material ness Linit Merit®* Reference
SAE 4330 Rockwell =36 048 698 71 Table II
A-4 Mn-Mo Steel .039 651 .72 Table X
Full Hard (Austenitic Steel) Ol5w 685 .72  Table IX
52 Be (Modified SAE Stecl) .039n 6LE T3 Table V1]
1/L* Hard (Austenitic Steel) 0l 689 .73 Table IX
7-1 Siloco-Kangsnage LOlon 682 Th Tsble XII
B-1 $iloco~Manganese .039¢ 679 76 Table XIY
C (Merzitio Bteel) W T L 7% .76 Table I
Austenitic Steel Ol2¥ 728 «T79 Table IX
G™9 Mn-Mo L0390 €99 .79 Table III
I(wexritic Stesl) LOlge 822 84 Table I
843-2 Cr-Mo-V Steel Oble 777 .85 Table VINI
: 1739~2 34-Ni~Cr-Mo Steel Rl 783 .87 Tsble VIII
11~a .70% Carbon Amols Steel LOlls 830 +36 Table IV
G1-2 Mn-Ho Typs .Ouge T4 +89 Table III
1/4 Rockwell Stainless (Rockwell C-27) .051* 912 L0 Table I
E (Handfisld Stesel) ~0U3E gus 291 Table I
11-B (70% Carbon Amola Steel) Lou1e 827 +91  Table IV
A4 Hadfield Stesl LOUG* 898 9k Tsbie I
B-3 Mn-Mo Stes) 518 962 «H Tablie X
B~2 Mn-No Steel .051 963 .95 Tabls X
B (Ferritie Steesl) LOlug» 940 «96 Tabls i
$-10-1 8630 Steel (Heat Treated) Ok 880 96 Table XIV
BE 8630 Hadfield Mangancse JOlps 850 95  Tsble XIII
B-1 (Light Weight Mn-No Steel) 051 % 970 . «96  fable X~ ]
Pt
Hadfield Manganese (Average) .050% 1000 1,00 Table 1 B
$~9=1 X 4330 Hest Treated LOUgn g17 1.00 fabls XIV
Hadfield Mangansse, As Annealed Lol 949 1.01 Table VI
12s~2 Hadfield Manganese -Oli1e o6 1.04  Fable XVIII ‘
GT~3 Mn-Mo Steel .050" 1042 1.04 Table IIi i
GT-1 Xn-Mo Type Stesl +Olge 1027 1.0% Table 11l
+Olle 1131 1.20 Teble I
¥ Hadf1s30 Stesl Ol3e 1y 1.20 fablo T




APFENDIX A

' PABLE XX (Cont'd)

spisure of merit determined from the formula:

HAD
Vyap is the ballistic limit characteristic of samples of Hadfield mangianess
stesl of squivalent weighti.

vhere Vgpp is ths ballistlc 1imit of the subject sample and




ADUENDIX A
TABLE XXI

) Comparative Resistance of Various Saumples of Steels to Perforstion

by Cal. .22 Fragseni-Simulating Projectila, G-2

Aotual Tigure
Thick- DPallistic of
—_— Description of Materisl nese Limit Morit? Reference
15-2 Ki-Ko Steel .0l 893 .51  Table XVII
17-2 Ni-Mo Steel .0lgs 91315 .5k fable XVII
142 Ni-Mo Steel LOug® 950 55 Table XVII
E-2 18~-8 Stainless Steel _ «Oliow 900 255 Tadle XYVa
, H-2 18-8 Stainless Steel .Olze 915 56 Tzble XVa
C-2 18-8 Stainless Steal Nt 985 .60 Table XVa
11-2 Ni-Mo Steel ' LOure 1030 »60 Table XVIX
-2 18-18 Stainless Stoel L0428 975 «60 Table Ve
13-2 Ni-Mo Steel Ol w 105 .61  Table XVII -
. A~1 Mn-¥o Steel Ol e 100% 62  Tadloe X
2~2 S1-Cr-Mo-Zr Steel R vd) 1055 .62 fable XVII
11~3 (.70 Carbon hmola Stesl) SOl 1020 .63 Teble IV
D=2 18-8 Stainless Steei OU2n 1033 +63 Pabls X¥a
16~2 Bi-¥o Steel Louge 1085 .63  Table IVII
-2 15-8 Stainless Steel Ol 1038 .64  Table XVa
24-2 31-0r-Ho-2r Steel _ 046" 1097 65  Table NFEX
A2 18~8 Stainlegs Sieel <Ol 1052 65 2xble XVa
0-2 18-8 Stsinlens Stesl Okze 1055 .€5 Table X¥s
39 Re Mcdified SAE Steel LOUO» 1043 .65  Tadle VIX
A2 Ma~Mo Steel Ko U w7 .66  Teble X
9 (.70% Carbon Amola Steel) .0398 1053 .66  Tadle IV
10 (.70% Carbon Amola Steel) LOl0e 1051 @ .66  Tablie IV
1739~3 (S1-Ni=Cr-Mo Stes)) Lol e 1089 .67  Table VIIX
s B~2 18- Stainless Steel LOlgon 1095 .67 Tsble IVa
: Br-1 Mn-Mo Steel .Olion 1092 .67 Table XX
Tull Eard Staicless (Zockwell O-%5) SOk e 67T Table 11
12-2 Bi-Ko Stesl SO 1155 68  Table XVIX "
1/2% Hard Stainiess (Rockwall 0-33) JOUgn 1173 .68  Table II
EF-5 Nn-Ko Stes) oMo 1086 .68  Table XI

29 Ro (Modified SAE M340 Steel) o) oL 1104 .69 Table VI1




ACPENDTE A

TABLE XXI (Cont'd)

Actual Flgure
Thick~ Ballistic of
Description of Material nass Limit Merit* Heference
11-9 (.70% Carbon Amola Steel) .oLge 1165 .69 Teble III
GT-1C Mn-Mo Type Steel Mol 1T 1105 .69 Table III
1/2 Hard (Austenitic Steel) Mo L] 1155 .70 Pable IX
8l43~3 (Cr-Mo~V sSteel) Lolupn 1132 .70 Table VIII
H BR 8620 Steel KoL 1155 oT0 Table XYI
52 Ro (Modifisd SAE 4340 Sieel) 039" 1128 .71  Table VII
6~1 S5ilico Msnganase LUz 1170 . Table XII
0-5 18-€ Stainless Steel »Olow 1175 .72 Table IVa
Austanitic Stsel LOliow 171 .72  Table IX
843-1 Cr-Mo-V Steel Ol 1166 .72  Table VIII
Full Hard (Austenitic Steel) LOhge 1237 .73  Table IX
A-N Mo-No Steel »0391 1163 +73 Table X
1739~1 S1-Ni-Cr-Mo Steel Ko TL 1212 T4 Pable VIII
3/4 Herd (Hadfield Manganese Steel) Q40" 1184 T4  Table VI
HF-3 Mn-Mo S5teel Oliow 1215 .75 Table XI
HI-2 Mn-Mo Steel 01" 1234 .76  Table XI
3/4 Bard (Austenitic Steel) Ql45. 1283 17 Table 1X
Half Hard (Eadfield Manganess) .Clos 1232 7 Tabls VI
23-2 51-0r-Ko-2r Steel ~OUTe 1305 g7 Pable XVIi
G EE 8620 Stesl SOlirw 1307 .75 Teble IVI
EPf-4 Mn-Mo Steel -Ol40n 1270 .79 Table XI
266 51-Cr-Ho-Zr Steel <OUgn 1370 .80 Table XVII
843-2 Cr-Mo-V Steel Loy 1322 .82  Table YIII
€10-1 8630 Steel - Heat Treated Ol 1390 -85 Table XIV
- GT-9 Mn-Mo Type Stieel -039# 1375 87 Table III
- A~3 Koo Typs Steel Lo 1327 .88  Tadle X
S4E 4330 (Rockwell C-3U) 050 15h5 .88  Table II
.050% Steel Shests & Multi-Layered +TH0" 1574 +90 Teble V

RE Aasenblies
SAR 4330 (dockwell C-36) +OUse 1553 .50 2adlo II




ArPENDIX A

TABLE XXI (Comt'd)

Actusl Figure
Thick- Ballistic of
Description of Material ness Limit Merit® Referesnce
Hadfield Manganese, As Annealed Kool 1510 94 Table VI
Hadfield Manganese, As Annealed Ol 1570 .94 Table VI
1/4% Hard Stainless (Rockwell ¢-27) 051% 1675 .95 Table II
B-2 Mn~Ho Steel 0518 1715 .97 Tabls X
€91 I4130 Heat Treated LOuge 1683 .98 Table XIV
12A~1 Hadfield Manganese Ol 1600 .99 Table XVIIX
B-4 Nn-Ho Stesd .051¢ 1750 .99 Table X
‘ B~3 Mn-Mo Steel .051° 1741 .99  Table X
B-1 Nn-#Ho Stoel 051 1756 »99 Table X
Hadfield Manganese (Aversge) 509 1750 1.00 Tahle II
21-2 81-Cr-Mo~Zr Steel ' 0470 1660 1.00  Table XVII
22-2 31-Cr-Ko-Zr LOlse 1685 1.01 Table XVII
: 0T-2 Mu-Mo Type Steel SOlgn 1775 1.03  2able II1
8~5 5i1ico Nanganese Ol 1760 1.06  Table XII
‘ GT-3 Mn—-Mo Type Steel 0509 1920 1.10 Tadle II1
. G7-1 Mn~Mo Type Stael LOUge 1913 1.10 Pable III

*Figure cof merit determined from the formuls:

Vsip x 100 whers Vgypg is the ballistic limit of the eubject sample and
Vg

VEap 19 the ballietic 1imit characteristic of samples of Hadfleld manganass
#tee) of equivalent weighi.

i
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APPENDIX B s T

(um-um . Report Bo, VAL no/;on Ly
Sumnery of Ballistic Icﬂa genducted at !ahrt.m N‘M Y v
faplss of BI01E Abuainun Auor from Rayaside uomi m _
- Asteal | Grane/ ”.' .’1’ © o Ballistis Linit ¥/8 "
/  Namrisl Tickeess e ok, ol BT T1iE OA-80 -2,

z-: ,‘,‘ ,eE: ) . a}OH : dlﬂ Do ;‘ 851

/o wend ., cash: 16
X R3OL-F 52 .20z

Y
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APFENDIX B PP
SABLE 111 , o

(Raferonce ~ Report No. WAL 7101515) L

mmar; of Jallistie Tests Condusted at ¥ntertows mom on

Various Numbers of Flies 01' .Ozoen Llullaun nhy shest L .‘ :
v : : ‘._ St ® "'_‘ B m, x
L . .'v‘
’ Rquivilens : |

No. Plisy Etesl Gange . _ ‘
% I R

- 5
7 o 79 - - g
% 087 " 08 a5 E
10 ’ on - - ans .
12 | C 086 ‘ - SN -;599 , | s ';*

Jor omparisens B S S
i .Aluminus Alley (Ave.) .OW4 . - 74€ -

B
T R |

Badfield Msngaasse - Lo
Steel (Ave,) - o o 56 N _1060

k. Gal. ;’45 #tee]-juaketéd dall wuocw.. - .'130 sxg,im
© 2, Oal. .22 bwt—ehmhtm rm.icetih - 17 ;niu, :




APPENDIX B
TABLE 1V

(Roference - Report No. Wal 710/636)

Summary of Ballistic Tests Jonducted at Watertown Arsenal on

Four Types of Thin Aluminum Alley Sheets

Bquivalent Bellistic Lmu__%/_s_
Ssmple Stesl Gauge 0-21  Cal. 052
R3(1-T ~OUln 764 1%
RIDL-W L L g2 715
148-¥ Ol g2 7
24g-RY JOlylyn B4 780
Por Comparison:
; Endfield Manganssg ) 1660 9l

1. Cal. .22 fragmnt-simulsating projectile - 17 grains.

2. Cal. .45 (steel-jaoketad) ball projestilse - 230 grains.




AFPENDIY B
TABILE V
{Reference — Raport Fo. WAL 710/657)

ﬁummar;{__q_f_ionetrg:_tﬁox{ Tesats (onducted at Watsrtown Arsenal on

Light-Oauge Samples of Aluminum Alloy (753-T)

Fquivalent  pailtesic Linis 7/s
Sampls Gauge Gouge a-gl  gar..l52
Lot 38031-1 127" .ol 820 818
380%1-¢ 126 ~OU5 - 776
Lot 38032-1 032 -0l : 786 765
38032-2 212! 0Ll - 780
Lot 38033-1 Jdz2 .04 825 684
38033-2 .1:23 owi - 681
lot 380341 21 .0l 837 839
3803“"2 0123 oo - 785
Yor Comparison:
Hndficggbfgngunouo - UGMj 1085 930

1. Cal. 22 fraguent-simulating projectile = 17 grains.

2. Cal. 45 (stsel-jasketed) ball projoctile - 230 grains,




APITNDIX B
TABLE VI
(Reference - Report Nc. WAL 710/7G8)

Sumna -y oF Teste Joenduenel at wWatertown Arsencl on Samples of

24T Alwzinvn Furnished bty aberdeen Preving Grouvnd

lqiliv-
Actusl  Grams/ Steel  __ 3allistic Limit F/S
Sample Ho. Qauge  Sq.Ft.  Gauge W51 @-2¢ 0-1-A0 G-1-§%

VY L1559 1015 L0550 - 998 s12 1078
12 <157 1032 056 - 1250 537 1126
10 154 1017 055 891 - - -
1D .15% 11016 .055 900 -~ - -
o - 158 1040 056 ~ 1034 505 1080
; 2B 156 1035 056 - 101§ 520 1075
J N «153 995 54 g3 - - -
| 2D -158 1031 056 862 - - -
[ IA 158 1037 N5E - 1010 538  1C72
3B 155 1020 055 - 1053 530 1076
3C 2156 1034 .056 86 - - -
3D o158 1015 »055 g8z - - -
4 156 1033 056 % 1035 468 1075
5} +155 1023 05 ~ 968 kg0 1035
Lo 2153 1001 .05 907 - - -
553} «155 1015 055 902 - - -
54 A58 1035 L056 - 1023 530 1077 .
58 157 1037 L0586 - 1035 535 1035
50 «155 1017 055 g - - -
50 <158 1031 .058 931 - -
Yor Comperisen: ‘
Hadfield Mangauese - - - .
Stesl .05 950 1675

, 1. Cal. .45 steel-Jecketed projestils ~ 230 grains.
2. Cal. .22 fragnment-simulating projectile - 17 grains.

3. Cal. .30 fragment-simuisting projeciils — 150 grains,
b, Cal. .30 fragmont-simulsting projectile - 34 grains,




APPENDIX B
TABLE VII
(Roference - Report No., Wal 710/T713)

Suamsry of Ballistic Tests Conducted at Watsrtown Arsenel cn

Samples of 24T and 75S-T Duralumin Which Had Besn
Praviously SubJected to Fragmentation Tests at

Aberdsen Proving Ground

Equliv. /
Eominal  Actual Grama/ Stesl Ballistic Limit ¥/
Type Sample No. (Qauge  Gauge  So.Ft. Gauge .)‘51 G- 22 3_1_33‘

155-7 g .156% 1548 1016 .055% 922
" g 156 JA5% 1608 084 - gRO*2S  1063%23
9 +156 2160  10u3 056 8Ly
9 «156 157 1028 056 - 970t 5 +1077E27
2 .156 .15€ 1022 .055 887
2 +156 A5 1016 L,055 - 95510 1083223
11 185 2127 g32  OM§ 772
11 125 .123 708 o4 - 775815 25410
7 125 125 g21 LU 753
7 125 125 816 O - g00tes 803ty
8 125 <124 8N 044 790
8 125 .127 838 LOU5 -~  B2TEL] 898113
1 .102 100 656 035 S22
1 .102 «101 664 036 -~ 7ostiz 803*23
L 2102 .103 672 <035 537
L .102 ~102 7% 035 ~  T60%30 72085
0 102 101 665  .036 su1
16=4~51 2156 156 10T 056 07

16-4-53 J56 57 1028 056 -
7-a-69  .156  .161 1046  .05] &G

1030810  1075%15

T-A-63 156 A57 1022 055 - g&%  10kat17
1%5-4-67 .156 337 1028 .56 929
13--A~-67 .156 158 1032 056 - 983223 1090215

10-B-179 2125 124 826 L85 720
10-3-179 «125 2128 83 b5

13-A~136 2125 124 837 N5 17T
13~A-136 ~125 -128 836 N5 -

1313183 .125  .127 831 045 738

g2327  E70%25

825X10  8E8riT

N
Sazss =T am m=m o8 .aanniEaaaaasqa:al-.gs

11-311-18T (125 126 LT gistat  ghetey
16 .102 <104 684 031 568
16 .132 10 678  JO37 T~ 135t20  710*xw
2 .102 .10 g5 .0 539
eg .102 208 . 412 o%g 2 THotas  g90tis
2 .102 104 638 037  he22
2 .102 104 682 . .03~ TTHES5 TU5L10

Yor Comparisont

Hadfleld MNangansse Steel .0k5 950 1575 1050 ‘ .




TABLE VIIXL

(Beference ~ Report No. WAL 710/718)

Sumaary of Ballistic Tests Qonduoted st Watertown Arsenal on /

Samples of AN-A-13 Aluminuu Sheetls at Various Plies

Seapls “323,22‘1 rams/ e Balitebls Rimst ¥/3
e TR No. Ply 3Fly Sq.Ft. CGavge — G-2b = - Gri-Ge
AB-p~13 A6 6 0208 755  Ou0s 820215  JOURL5
AN-4-13 4£-8 ) 020 10C7.2 05k 1030830 . 742 7
AN-A-13 A-10 30 £20 1273.7 .069 125%¢12 923t 3
AN-A~13 B4 & .025 660 .036 763t 3 Ses18
AB=A-13 B-5 5 025 823. Ol 850415 670220
AN-p-13 B6 6 .0% 968.7 052 92¥3  725%15
AN-4=1% 27 7 .0% 1153 D62 LU0 81510
¥or Comparisoni
*1“1'(‘::2.‘)*11"? § .00 - .03 927 -
Al“-i*(lr:j’“ﬂ? single Plate 4125 835 0% g27 866

1. Cals .27 frogusnd-simalating prejestile -~ 17 grains.

Bs

2. Nel. .30 fregemi-sinulating projestile — M graims.
3. WaL 710/5:8,

L. WAL 710/713.
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siE X1

Aversge ¥ b4 far Variocus Allo or 1
Cal. .45 (Bieel-~J P
(Reference -~ Table IX)

[N

2us-RY 1 .830
7582 12 . 813
R301-T 2 h.no
247 3 . 763
Alolnd 248-T 2 . 780 : | 3
VT RY 3 .780
E301-¥ 3 753




APPENDIX B

ZARLE X1
Average Figuregs of Wepit for Yaripus Allorg

Under lmpsot of Cel, .32 Fragwony-Simuiating Projeciilee, 3-2
(Esfersnce ~ Twdle X)

. SRe Aoy  Hp, Sxaplee  Avyrige Merdd Pigure

24a-u% 1 SR
Alelsd Bs-% 3 .57
Jhp-¥ ) 810
E30)1-¥ 3 493
2487 3 493
T58-% R 1

" -3
F

B3O~

<k
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FABRICS




17.

18.

19.

(Ap:dicable to AFVENDIX D)

0.0. 423/98 - Wtn. 423/161, 17 December 1943.

0.0. 423/121 - Wea. 423/169, 14 Pebruary 1944.

0.0. 423/7544 - Win. 400.112/ 3053, 3 March 194k,

0.0. 426/1580 - Win. U26/2T5, 14 Harch 9%k,

0.0. 426/2009 - Wen. 426/284, 29 March 194k,

0.0. 400.112/6295 ~ Wtn. 1400.112/3062, 3 April 194k,

0.0. 400.112/1251h% - Win. 400.112/3061, 6 April 194k,

0.0. 423/7754 - Wtn. 400.112/ 3083, 13 April 19uh.

0.0. 400.112/6902 ~ Wea. %00,112/3097, 29 April 19Uk,

0,0. 423/7842 - wta. 423/177, 8 Mey 194k,

0.0. 423/7881 — Win. ¥00.112/3573, 19 May 19k4.

0.0. 423/7893.- Wtn. 423/179, 22 May 1944,

0.0. 400.112/6883 - Wen. 400.112/3096, 29 May 194y,

0.0. 400.112/9391 - ¥Wtn. 400,112/ 3163, & august 194k,

Heport Ho. WAL 710/540. *Resistace of Unsised 13-Guace Kvlon Duok
g iﬁ:{a{éﬂi.\:y Fragment—Simulating Frojectiles.® J, F. Sullivan,
Report No. WAL 710/596. WResistance to Perforstion by 3i~Grain
T v, 1T saron 90

asport No. WAL 710/610. "Effsot of Guilting Upon the Resistance to
Perforation of Fiber Glass BCO-11-162.% J. ¥. Sulliven, 20 April 194L.

Report Wo. WAL 710/613. "Resistance of 6-Ply Glass Webbing to
Perforation by Various Suall Armws Projectiles.* J. . Sailivan,
20 April 194,

Report No. WAL T710/614. ®Resistance of Two Types of Kylon Belting
to Perforation by Varilous Small Arms Projoctiles.? J. ¥. Sulllvaa,
21 april 1944, -




2l1.

26.

7.

EEFCHENCES (CONT'D)
(Apvlicable to A THMIX DY

Report No. WAL 710/616. "Besistance of Various Icyers of 17-1/2
Ounce Eylon t2 Several Types of Small Arms Projectiles.® J. F.
Sullivan, 22 April 19u%,

Report Ho., WAL 710/649. "Besietance of 7-Ply Silk Webdbing to
Perforation by ¥ragmont-Simulating Projectiles.® J. F. Sullivan,
3 June 19l

Report No. WAL 710/653. “Hesistance of Various Samples of Fiberglas
to Perforation by Fragment-3imulating Projectiles.® J. ¥. Sullivan,
10 June 19M4%.

Report No. WAL 710/659. *Resistance of Weinberger Protective Fabric
and of Its Components to Perforationm dy Fregment-Simulating Projectjiles.®
J. F. sullivan, 30 Juns 1944,

Beport Bo. WAL 710/660. "Resistance of Nyion Faracim’s Cloth %o
Perforation by Fragmsnt~Simalating Projectiles.® J. ¥. Sullivan,
1 Juy 1944,

Beport No. WAL 762/247. “Development of Projectilee, to Be Used in
Tssting Body Armor, tv Simnlate ¥lak and 20 mw. HE FPragments.®
J. ¥, Sullivan, 17 Decexber 1943,

Report No. WAL 762/25%. "Development of a Projtsctile to Be Uaed in
Testing Body Armor, to Simulate Fragments of a 20 zm., HE Projectile.®
d. ¥. Sullivan, 7 Jamuary 10MM.

Report Mo. WAL 762/318. #Comparison of G~2 Projectilas of Varlous
Mamufscture.® J. ¥F. Sullivan, 23 May 1945.
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A

I'PENDIX D

TABLE 1TT

(Reference Reporti No. WAL 710/540)

Comparigon of Resistance Characteristica of Unsized 19-Ounce

Nylon Duck with Those of Siwed 17~1/2-Ounce Nylon Duck

Material
17-1/2-0unce, Sized
19-~0unce, Unsized
17-1/2~Ounce, Sized
19-vunce, Unsized
17=1/2-0unce, Sized
19-Ounce, Unsized

17-1/2-Ounce, Sized

19-Qunce,lngiged

Equivalent

Steel

Pliea 7Gauge
9 083"
11 . Q36w
10 .037¢
12 L0357
1L - 040"
13 . 043"
12 0 0d4m
i4 046"

Balliatic Limit

F/S

500
627
6758
629
704
€85 "
750

688

G-2%
1260
1215
1283
1510
1509
1360

1350

1. Cal. .45 steel-jacketed ball projectile - 230 grains.

2. Cal, .22 fragment-simulating projectils ~ 17 grains.




AVEFENDIX D

TABLE 1Va
(Reference Report No. WAL 710/660)

Summary of Psnetration Tests Conducted at Watertowu Arsenal on
Bamples of Mylon Farachute Cloth

Fquivaiont Ballistic Limit (F/S)
Sample : Gauge -2t cal, .45°
NFD-168/3 . 044" 13570 676
IFD-170 L0440 1435 656
NFD-172 L 044" 1435 712
For Comparison;
17<1/2 oz. Nylon Duck .044" 1360 750

-

—_

1. Cal. .22 fragment—-simulating projectile - 17 grains.

2. Cal, .45 (stesl-jacketed) ball projectile - P30 grains.




A TENDI D
TABLE

Vo
(Reference Repost No. WAL 710/660)

Data Concem in»*.__'g_hrae 3
as Reported by E. Py

Yarn Type

Yarn Count; Warp
Filling

Wesave

Construction {loom gount)
Reed

Reed Width

Pickwheel

Finisher

Finished Construsction
Finished Width

Porosity

Thickness

Woight (os./sq.yd.)
Tensile Strength {17 strip)
Tear (Tongue)

Tear (Trapezold)

amples of Wylen Parachute Cloth

T Font 8 Nemours and Gompany

@Pom Stzle Number

WF1)-170

pright High
Tenacity

T0-23-5
T0-25-5

Cargo

80 x B4

4012

407"

84

Huguet

90 x 88
35-1/8"

115

0,00b5"

1.83%

94x86 1bs.
6.007,2 1be..
14.5x16.7 1b§,,

26 = 36%

NFD-168/3
Bright High
Tonacity

TO~257
70-23-17

2 x 1 Twill
Rip-Stop

34 x 9
4212
40,9
90
Hugust '
96 x 98
36"

138
0,0C56"
2,00
90x98 bk,

12,7x12.1 1bs.

26 x 38X

NFD-172

i g st

Bright High
Tanaocity

105-54-5
105-54-8

Taffeta

60 x 5%

5012

40"

64

Ruguet

68 x 67
24-5/4"

g8l

Q,0062%

2,06
111x104 1bse
9,6x9.4 1bs.
29.5%27.0 1be.

2% x 45%
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ACPE¥DIX D

' TANLE YIIa
(Refsrence Report ¥o. WAL 710/66%)

Susmary of Ballistic Teots Conducted at humm e! i
Wiwl of Wiberglaa® subag e

rning | en

Bl Bliste uett @) -
Sample No. of Plies Steel Gauge cal. .451 B

BCO-112 o 0440 898 1088 '
¥00~113% 96 »O44% - RE %
X0C~115 o4 e o) 588 oo
2CC~1186 ki JOud" 68 1082 L
BC0-117 79 Ne L : &n 74 N =
BCC-127 58 04" 847 158 oo
BCC-128 43 N Y 5% 1080 -
BCO-158 32 ~O44® 854 paii '
RCC-138a . 32 044" 788 o8
ECC-16] 18 044" TR pal.)
ECC-162 1e 044" s 968
X=1549 1. JOd4n 655 -J0R2
X-1581 30 <O44" 549 S8
For Comperison:

-
1‘&{;"‘;& 12 O 750
Hedfisld

Manssnese

Steel +084¥ 740

(Average)

1. Cal. .45 (stesl-jaciknted) ball projectiles - RE0 graiss.
2. Cel. .22 fragmant-similating projectils ~ 17 grsing.



Yara

Ha

S

106

TP 110

450=1/2-8
O

120
145
140
500
250
330
460
420
780
250

380
35

-5 TF1 575

s-5 TPI 700
0

ig TPI 115
-5 TPT 160
o-1¥rPI 140
%-5 TPI
5.5 TPI 675
45 TP1

1/

225~
450-1/2

O3 /2-5 TPI
1/
f; 2
225-1/3-6 TPI 280

2251/
45
225~

450-2

450-4/!
225-2/
2054/

EELLEEEREE
TR LA L A i b
uuuuuu danw



A-TENDIX D

» TABLE VIIc
{Reference Report No, WAL 710/653)

Correlation Betwsen Resistance to Perforation of Fiberglas Sampleo

and Their Yarn and Texture Characteristics

Ends

per
Rallistic Limit (F/S) Sample Inch Yarn

Cal, .45 (steel-jacketed) Pall Projectiles:

549 I-1581 39 225-1/3-~5 TPI
588 ECC-115 48 225-1/0-1% TPY
59% ECC-128 2 226-1/5-5 TPI
618 ECC-162 28 225-2/5-5 TPY
547 ECC-127 42 450-8/2-5 TPI
669 X-1549 21 225-4/4~5 TF¥Y
671 ECC-117 64 225-1/0-1% TPY
698 ECC~112 40 450-1/2-5 ¥PY
693 EGG-116 60 450-1/2-5 TFY
732 ECC-161 28 450-4/5-5 TPI
738 ECC~-138 64 450-2/2-5 TPY

Cal. .22 Fragment=Simulating Frojectile:

956 BCC~162 28 225-2/5=5 TPI

974 ECC-117 64 225-1/0-1% 7TPX
968 X~1581 59 225-1/8-5 TPI
1022 X=-1549 21 225-4/4~5 TPY
1080 ECC-115 48 225-1/0-1% TPY
1056 ECC~112 4C 450-1/2-5 TPI
1062 ECC-116 60 450-1/2-5 TPI
1082 ECC-127 ) 450-8/2-5 TPI
1090 ECC~128 42 . as5/1/s-5 TPY
1108 ECC-158 64 450/2/2-5 TFI
1188 ECC-161 28 450~4/5-5 TPI




A_IENDIX D

TABLE VIIT
(Reference Report No. WAL 710/61%5)

Sunmg{__of_g:\lliatic Tests Conducted at Watertown Arsenal on
6~FLy Glass Webbing Submitied by Russell Manufacturing Company

Bquivalent B_ailiatic Limit
Sample ‘Tested Steel Thickness  0~1-S 0-1-a% aR%  ,e5¢

Tautly stretched on rigid wooden frams-back unsupported:

Glass webbing (6~-ply) LO79" 1121 691 1500 786
Nylon Duck (12-ply) 044" 1105 566 1560 750
Hadfield Steel (Average) .044an 1050 475 1660 940

Strapped on sawdust-filled canvas dummy:

Glass Webbing (6-ply) 0797 1175 -— 1360 —
Nylon Duck (11-ply) 040" 1090 -— 1360 ——
1. Cal. .30 (34 grain)

2. Cal. .30 (150 grain)

5, Cal, .22 (17 grain)

4. Standard Cal, .45 ball ammunition (steel-jacketed 230 grains)




APPENGTY D

TABLE IX
v (Reference Report Wo, WAL 710/648)

Summary of Ballistic Tests Conducted at Watertown Arsenal
on Samples of 7-PLy Silk Webbing Supplied b¥
Russell Vanufacturing Compeny

Ballistic Limit (®/S)

Sample Tested Stesl Thickneas cal, 451 c-2®
Silk Webbing (7-Fly) .042n 724 1536
Nylon Webbing . 041" 557 105%
Nylon Duck (12-Fly) 044" 750 1560
Glass Webbing 079" 786 1300

(6~Ply)

Hadfield Steel .042" 920 1630

(Average }

1. Galiber .45 (steel-jacketed) ball projectile ~ 250 grains.

2, Caliber .22 fragment-simulating projectile - 17 grains.




APPUNDIX

TABLE X
(Reference Report No. WAL 710/859)

| Summary of Penetration Tests Conducted at Watertown Arsemal on
L Bamples ol Welnberger Protective Fabric and Tts Componente

Equivalent Ballistic Limits (F/S)
Steel - -

Sample gauge G-1-1 Gi1-s® 2% cal, L45¢
Complete Assemtly - 040" 488 961 1108 560
4 Plies Corded Component .04€" - -— 1044 505
3 Plies @Gorded Component 034" — — 990 474
3 Plies Corded Compoment 046" — — iors —

(coated with rubber) .

4 Plies Quilting 05" — —_— — 7%5
3 Plies Quilting .0517 — —_— — 694
2 Plies Quilting »054" — — 1080 €135
1 Ply Quilting 017" -— —_— 804 460
For Comparisont

11 Plies 17% ox. Nylon Duck « 040" 567 1058 1510 704
Hadfield Manganess Steel «»040" — 900 1600 900

1.Cal. .30 fragment-simulating projectile - 15G gralns.
2.Cal, ,50 fragment-simlating projectiie - 354 grains.
3.Cal. .22 fragment-¢imilating projsctile - 17 grains.
4.Cal. .45 (stesl-jacksted) ball projectile - 250 grains.

Rl 4
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APPENDIX D
TABLE X

Qompsrative Rosistanoe to Portontriog Yy

Oal. N5 Ball Projectiles of Various Fabrio Samples

Muterial

11 plies #6 Gotton Dack

k plise cordsd componsat of Weinberger
Irot. Tadric

Kylon Belting
Fiverglas (X-1561)
Hylon Belting
Yeinberger Protective Fabric
Piderglas (B0O~115)
Tiverglas (BCC-128)
Fiderglas (8G0-113)
Fiverglas (B0C-162)
Flverglas (ECC~127)

3 pliss quilted componsnt of Weimbsrgoer
Prot. Fabrio S

Aylon Parachute Cleth
19 oumoe wasised Nylo:: Duck (12 fiiies)
Pivsrglas (B00-117)
Fibverglas (X-1549)
19 cunoe unsiyed Eylom Duck (14 plies)
Rylom Paraghute {loth
Eyloa Parnchuta Qloth

21 plies Fihargias (Boc-11-162, plws 1
PlY 178 ox. Kylox Duck witk §# quiliing

19 ounoa unaised Xylen Duok (13 plies)
Piverglas (B0G-112)
Piderglas (B90-116)

Fiberglas (R00-138)

Rquiv.

ftes]

Sauge

.OuTe
~Ouge
R0
Ol»
Ol
.okon

.Oll»
Ol
LOllw
LOlle

'%1'
SOl
.039®

LOlle
Loluge

Lilit ‘ of Nerit® Refurenos
395 by Table I
55 56 Table X
ny 51 Tedle ¥
549 56  Table YIila
537 59 Table ¥
560 62 Table X
588 63  Tsdle Vila
593 63  Tedle Vila
623 66  Teble Viia

- 618 66 Zadle ¥Iila
M7 £9  Tadle YIla
(5 69 Tadle X .
6556 70 Tablie Ita
629 n Tudle XII
n 71 Tadle Vila
669 n Tahle Vila
688 72 fsdle II1
676 72 Table IVa
698 3 Table I

L 3 table V3
685 i "Puhle 111
698 7%  Tabhle Yila
69 ™ 1o FHe
o ™

PR
gt



' AFPENDIX D
TABLE X (OONT'D)

w"o R« ow
Btesl mﬂlﬁc Hor

L ]
Naterial 7 Gange Limit of Merit®* Mefercaoe
21 plies Fiverglas (200-162) plus 1 ply '™
17k os. Nylom Duok with S-inah quilting ach m n fable V1
Plies Fiderglar (BEE-162) with 2
3 reilting 0l5 70 15 Tabls VI
Nylon Parachute 0loth Oy T2 16 Tadle t&
21 plies Fiderglas (B00-162) plus 1 ply
178 osx. Hylea Duck with 4-imch quiltisg ach 13 Ly Tdls Vi
21 plies Tiberglas (BO0-162) pius 1 ply
17 os. Nyisn Duck with 1-imch quilting <O'5° 738 s Table VI
11 pliei siped 174 ox. Nylem Dwek .Ouon TO4 18 Table I
Fiberglas (EC0-161) -OlYy® 732 18 Tadls VIia
HMoerglas (B00-138) SOl 738 79 Tobls Viia
S41k Webbing .Ol2% T24 19 fadble IX
12 plies slzed 174 oumce Eylon Dmsk  .OhYe 750 20 Tadle I
17 plies Fiverglae (BGG-162) plus 3 plies i '
sised 178 oumoe Eylom Dugk Rk 766 % Zable V2

o W o

®Figure of merit determinad by this formals: Vemm * 190 whore v@ 10 the
: '-'.-i.;?"—'

- e

vellistic 1imit of the subject semple amd Vg, i the charmoterietis dalllstis
1imit of an equiwalont veight of Nadfield mamgamess etos). SO

e e
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APPENDIX D |
TanE Y

| Comparative Bosistamoo to Perforatiem by

\E M,KWQ—IMIt% Projectiles of Various Yabric Ssmples

Equiv. Oal. .22
steel FaYIistlo Wgure
Naterisl Gauge _ Limit of Neris® _Reforsnocs
11 plise & Gotton Dok ouy» sg3ee 52 Table I
Fiverglas (R00-162) .Okys 956 58 Tedle VIis
Fiberglas (B00-117) L0kl 974 59 Tadle Viia
Fiderzlas (XGO-158) .Ollye 98 € Tadle YIla
Mylon Belting LOlow 973 6 Fable ¥
DR et oot SCIMIET gt 008 @ mex
¥ plies o.f oox:.c;:ggn:t of Weinbarger  guce 204% 62 Yadle X
Fiverglas (200-115) Oyl 1030 62 Table VIIs
Fiverglac (B-1549) LOllye 3022 62 Takle Viia
Fiborglas (RCC-1iR) o Olye 1036 62 %able V1is
Fidarglas (B00-116) C .ol 1062 () Table VIIa
Fiverglas (200-127) : ~Ollin 1082 65 Yable Vila
Eylon Delting Ob1s 3055 65 Tablo ¥
Fiderglas (X03-113) -Oule 1101 66 Teble VIia
. Ztverglas (200-128) LO4le 1090 66 Tudle Via
Hbderglas (200-138) ‘ Okhe 1108 61 Tebis Vila
DRI, e e @ mn
. Byion Belting o Okor  1075** 67 Table ¥ .-
l Nylom Belting LOlipe 1085%e 67 Table ¥ -
&L plies Pvergles (200-162) plue 1 ply ' TENT
sised 17} ounge Bylon Iuck with #~ineh  .O45® 1138 68 Table VI
quilting . :
¥iverglas (200-138) LOhja 1% 68 Table Yile

‘21 plies Fiberglas (300-162) plus 1 ply
3534 27 #x. Nylon Deck with ¥ quilting 00" 1188

69 fakle VI




AP VENDIX D

TANLA X3 (0OS1D)
|

m'. N‘ 'u
Stesl
- laterinl Geage  Lumit  of Nerit® Referemce
Neinbarger Proteciive Fudris LOROw 1 - 6 Tabls X
21 plies Fidverglds (B00-162) plws ) iy .%. ur » 70 Tadis YI

sixsd 1T} oa. Eylom Dugk with 18 Qeilsing

23 Plies Mberglas (K00-162) with 280 g0
@ilting

23 plies Fiderglas (500-162) plue 1 ply oYgs
sized 17§ ex. Nylon Duck with 2%quilting

17 Plies Pibarglas (%00-162) plus 3 plies ol5e
sised 17§ o3. Rylon DTack with 29quilting °

Mherglas (¥00-161) L0l
23 Pliea FMiberglas (B0C-162) plus 1 ply

elzed 1780s. Nylon Iuok with 20 quilting 043" ™ Tdle VI
13 plios unsisec iJ ounoe Nyled DPmsk  .O43w 1379 &0 e I
14 plics wneinad 19 oo Nylem Buek  ,OW6* - 2350 80  Tdis TN
12 plies wusived 19 oarse ¥ylom Dmsk  .0392 1283 8 ¥adle 11X |
11 plies sised 17} omnce Mylow Dusk  .0W0® 1710 52 dle IIX
12 plise simed 174 ownce Nylon Duck  .UMNG 138 £2 s nr
311k Webbing - ~Ohoe 1338 @ & TP X
Nylon Parschegi Cleth . QWS I3 0 83 sathe fea
11 plien sised 174 ox. Ryloa Duek e 2360 5 ORI .
Xylon Parackate Cloth Olglya 1835 §6 © TR TR -
‘Nylon Farachute Qloth O Ay g6 mdeYNe
Eylos Parachute (loth Ose X e 0 s d -
*Figure of Narit deternined from the fer ias VA & X0, whare oy 1s the 1\

1is8ic 1i=it of the sudject sample s0d Vg,p the churacteristic hll%si;o _rm__-
1init of aa equivalent wolght of wm.d mangeasas stecl.

*e)s strap, od 10 a savdnst-~£111ed osnvaw dmny.
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APPENDDY P
TARLE XIIi
Average Figures of Merit for Yaricus Fadriss

¥ith Respect t0 Their Perferation by Cel. 45 Ball Projeciiles

. Average Figure
Naterisl N of Merit
Nyloa Dusk - Siged 9
¥iderglas (%0C~138) Ly
$11k VWebbimg n
Nylon Parachuts Gloth 13
Nyloz Duck ~ Unsised T2
Weladerger Protective Fabdris - Qrilted Bl<sens 69
Ndeiakurger Frotective Fabrio - Camplete 62
Eyloa Melting 5¢
Walsberger Proteciive Fabrio « Gorded Mlesout ' 56 oo

Cottem Dusk ] e




, APUENDIX D

TAPLE X1V

Average Figures [ 34 mgg for Yeriouvs Fabrios
¥ith Bespect to Thair Parforstion by Oal. .28

S

Fraguent-$imslating Projectiles, W2

Average HMgore

Haterial ef Merit
Nyloa Farachute Cloth ]
Nylon Dusk - Sised 82
811k ¥ebbing - 82
Nylon Duck - Uneised ' g0
Fibergias (BOC-161) T2
Wainberger Protsctive Pabris - Owaplote 69
Eylem kelting 63
Yeinberger Protective Fabric - Gorded Klemant o -

Velnberger Protestive Fabris - Redder-ooated I B

Oazdsd Xlemazg 62

Oottoa Inek ' . 52 |
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PLASTIC LAMINATES




Rafacronces
(Appliceble to APPENDIX E)

1. 0.0. 422.3/71 - ¥en. N70.5/THE3. 28 Septemder 19M3.

2. 0.0. 422.1/100 - Wen. %22/9. 10 Rovesber 19%3.

3. 0.0, b22.3/122 - wta. §22/12. 27 Nevember 19M3.

4. 0,0, 470.5/5262 - Wtn. N/C.5/7898. 9 February 19W%.

5. .0, 500.112/139%2 - Wea. %00,112/313%. 1S Jume 1SWN,

6. 0.0. 470.1/%76 ~ wem, B70.1/7T25h. 13 July 19NN,

7. 0.0. %00.112/14862 -~ wim. N00.112/3. 29 Juxiy 19WK.

8. 0.0. %00.112/15010 - ¥sa. N00.112/3167. 7 sugust 190K,
9. BTE 160/3958/%TUS2 - win. N00.112/3722. 1M Decesber 1934,

10. BRoport Fo. WAL 710/261. ™Msaistance of K Pamels Submistted Wy the ' },l’
U. 8. Rubher Conpany $o Perforation by Nrageeut-8imating Frejectiles.®
J. P. Sulliven., 3 Jamuary 1945,

13. Report No. ¥AL 710/284. ®Resistance of Varieus Iaminates Supplisd by
U. 8. kubber Co. to Perforatien by Sal. .45 Steel-Juckated Ball
Projectiles.® J. F. Sullivan. 16 Octcber 1SN,

12. Beport Bo. VAL T10/286. "Resistanos of Samples sf X Punsls te Ferfuratiom
tr 0al. W45 Stssi-Vankelwd Bail Frejectiles and by the Fregumt-Sislatar,
0“20' ode ,o mlim- 28 D’cl-bﬂ‘ 18“'

13. Report No. WAL 710/317. ©Resistance of Ssmples of laxdrntes Submittod
&y Vietory Plastios Cempaxy $o FPerferation by Fragueat-fisalating
Projectile, G-1~§. J. F. Suiliwan., 23 Ooseber 1SN,

14. Bepert Mo. ¥aL T10/568. "Ballistic Characterietiss ¢f Varicua Samples
of Experimental Body Armor Matsriale.® J. F. Suliivas. 17 December 1943,

15. MReport Fo. YAL 710/6%1. "Mmgigtance of Various Semples of Plasiios
) Kateriale to Ferforation by Fragmsnt-Simulating Projeciiles.®
é. ¥, Buliivan. 25 Hey 19WM

16. Rspert No. WAL 720/659. "iesistanoce of Various Types of lLamninates
Supplisd by U. §. Rubber Os. te Perforation by Fisk~Simulating Frejeotiles.®
Jd. B. Bullivan. 21 Anguet 198%. .




17.

14,

19.

21.

Refaronges (Contt'q)
(Applicable to APPE'DIX E)

Beport Bo. WAL T10/699. W"Rffects of High Temperature (+1T75°F.) and
low Texperature (-65°F.) wpea the Resistaxes of Derwm (Typs #1) te
?;:orauon by Nak-Simulating Frojectiles.® J. F. Sullivan.

tober 1 .

Raperts Bo. WAL T10/732. “Resistancs of Varieua Plastio laminates, Neds

by Tietory Plastics 0o., t» Ferforation by Fragoemt-Simlating Projactiles.®

J. ¥. Sullivan. 22 March 19%5,

Repors No. WAL 762/287. SDevelopment of Projectilec te Be Used ia
Testing Body irsor, t¢ Simulate Fiak scd 20 mm. HE Fragueriis.®
J. ¥. Sullivan. 17 Dsosmber 1943,

Bopers No. WAL 762/253. “Develapment of a Projoctils, to Be Usad in
Testing Body Armor, te Siwulate Fragmsnts ¢f a 20 ms. ER Projectile.”
4. ¥, Bullivan., 7 Jannary 19%%,

Boport ¥o. WAL 762314, “OCamparison of G~-2 Projestiles of Various
¥omfacture.® J. . Sullivam, 23 Way 1985,

BT AR



APPENDIX E
TABLE 1
(Referencs - Repart Xu. WAl 710/6M1)
Suarary of Ballistic Toests Conduated at%ﬂahﬂou Arsennl e3

Yarious Plastio Materials (Dorom) Sudbmitted by Quartermaster Gorp.

|
Ballistie Linits (¥/8)

' Oalibor .51 Tempora
Quarterszster Equivalent Xoom * Reoe m#-g

Identification  Steel Osnre Temp. =607, Immersica O-J.ﬁ o-1-9° M

R-1%1 .02 % - - zho . 160 118
R-hola LON0r 10l - - TH: 90 12?6
R-LOMJ .g;g* 1037 - 1006 N35;: 996 1
R-1 LONL N - - - 8 o -
B-) Ol 113 - - @5 1%9 1478
R-166 +Oli2e 9 - - NEE - 973 1283
n—xgo 0l2" g7k - - 313 - 1043 1370
B-147 Q20 1060 - - 75 1030 -
R-117 LO43e 1104 - - B8y 10300 -
R-159 L4 1105 - - W3- 9% -
R-11§ LOuse 1152 - - ;gg - 1065 133
R-124 LOu5% 1117 1124 - .95 143
B~123 LOMG" 1008 1123 - ag . 955 1430
R-120 LOugY 1162 - 1173 - - 1185 -
R-113 LOl7e 1104 1118 - 5. 998 13
.

Yor Comparison: : .

_m"gﬂ""_._ze__ -030¢ 704 - - - &5 125 - 7

Mangancse .0hos 900 - - - §00 1800
Stesl Ol5e 950 - - - 1050 1675

1- Galtber JW5 (stesl-jacketed) ball projectile - 230 graiws.
2. Oaliber .3C fragment~simulasisg projectiie - 150 mﬁ-.
3. Oaliber .30 fragweni-simulatiag projectile =~ 34 mﬁn.
4. Caliber .22 fragment-simaletiag projectile = 17 gratas.




APPERDIX E
TARLE 11
(Referance - Raport No. WAL T10/699)

Summary of Zalliatio Tests Conducted at Watertowe Arsensl on
Sexrples of Doron (Type §1) ¥Which Ead Frevieusly Boem Subjected %0

Sampie Cal., .5 G-2
(Samples fired at room temparvature, as-regeived):
BUTMO 1011 1338
RU7NE 1010 1350
RUTRL 973 13
RuTHO 909 1
RUTYE 1035 1
BRTNK 1039 1378
RUTNE 1081 1408
R550A 1060 1386 ! -
R375a 10} 1279
2%82C 101 1373
(Samples fired at -65° at end of Uth phawe of weasherimg eyolo)s
R5734 1030 -
R5327 1021 -
R580G 1031 -
R58 - 1
R»5718 - 1
R579¢0 - 134k -
B5750 1285 A
(luph. Tired at room temperature at ond of Wth phase of weathsring cyole)a ‘
~ B§T20 1065 -
25128 my -
1175 -

Direct 20 wm. H.B. Fragmsntation Teste st Aberdeen Preving Orouad

(Samxples fired at 05721 X

(Samples fired at <1

mneuc Linit (¥/8)

3353 g -
B57 -
nsmo 1:§0 -
R5788 1270
579D 1415

oE

1181

i

10 -
1
1 -

at end ot 5th phass of weasharing cycle):

¥. aftor a hn phase 0f the weathering eycle Juring

E

wvhich Samperature ©f cadimet ross abeve 200°F. fer a poﬂot of soveral hours).

3

B5T58 680 -
RSITD 869 -
258D £36 -
5734 680 - o

2

5
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